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BLOWICS 


Pe TTE WS IN THE INTEGUMENTS OF FAST<SWIMMING FISHES 
Kiev BIONIKA in Russian No 10, 1976 pp 3-21 


Article by &. ¥V. Pershin, 0. 8. Chernyshov, L. F. Kozlov, A. P. Kowal’ and 
Vi. As Zayete) 


(Temt) Past fishes are of great ecientific interest because their relative 

swimming speed is sometimes such higher than that of such fast marine mammals 

as dolphins and whales (1, 30, 35, 37). Mote: Those fishes are usually considered 
fast whose swimming speed is more 
than ten body lengths (L) 4 second, 
i.@., UW, greater than 10 L/sec. 

However, thie is not always applicable to large fishes and, moreover, the length 

of time a fish ewime at high speed gust also be taken into account. Fast fishes 

are readily distinguishable from the upper boundary of 4 field of pointe on a4 

generalized 4~parameter graph (32). it ise important to note that only 4 few 

dozen of tee 24,000 to 25,000 fish species now alive are regarded as fast and 

even fewer are large (1 greater than 1.0 @). This simplifies the task of selec- 

ting fast species for bionice research (31). 


High swimming speeds are due to the high power-to-weight ratio and low hydro- 
dynamic resistance of fast fishes with partial laminarization of the boundary 


layer (12, 15, 16, 23, 33). The power-to-weight ratio in fishes is determined 

by the total body weight and the power of live propellers, i.e., guecies which 
make up 4 substantial fraction (about two-thirds) of the body weight and the 
larger the fraction, the higher the ewiaming speed. There are a'so some obvious 
characteristics of low hydrodynamic resistance: folds tucked into special lateral 
pockete and doresl fins; arrow-shaped fins, including the caudal fin, tve main 
propeller; 4 well-etreamlined body, including laminar shapes (32). Th. last fact 
indicates that fast fishes utilize the seans of streamlinine the boundary layer 
which were created in the course of evolution. 


The optimization of body shapes and tail propeller of fast fishes of low resie- 
tance are considered in (33). Figure 1 shows large fast fishes belonging to 
three groups in 4 hydrodynamic classification proposed by the authors, samely 
(from bottom to top): iI--thin-bodied, elongated, with an ogival head (asko 
shark and wahoo); Ii--thick-bodies, short, streamlined shape, with an elliptical 
head (tunny); Ill--epecific forms with 4 conical head and long break, eword, or 

















apear (e.4., the swordfish whose beak is one-third ite total length). All these 
fishes have the same type of fairly elongated caudal fin, which is the main 
propeller, On the other hand, 4 study of the integuments of these three shape- 
discriminated groupe of fast fishes showed that the skin, seales, and slime differ 
markedly from group te group. 


Let us compare the swimming ability of fast fishes and dolphins. Nonetat tionary 
ewieming of many species of living organiems, including eel=-like fishes, can be 
mathematically explained by the creation of tractive force following the wave-like 
motion of a flexible rod in 4 solid [eic) medium (24). The large fast fishes 
under study belong to the Scombroidea, No experimental data on the kinematics 

of swimming are available for evaluating the ewieming of these fishes on the 

basis of the hydrodynamics of 4 thin deformable body (25). Let us apply the 

rough energy estimate used to determine the decrease in hydrodynamic resistance 

of various dolphin species (34). 


Let us compare 4 common dolphin 2.0 meters long, aako shark 2.0 meters long, 
tunny 2.0 meters long, and swordfish 3.0 metere long including ite beak. Their 
observed maximum ewimming speeds are 13, 15, 20, and 25 m/sec and the power-to- 
muscle weight ratios 29.7, 37.5, 88.2 and 78.0 ke [sic], respectively. Calcula- 
tions showed that the observed swimming speede of these large fishes with 

Re, = (2.6 to 6.6) x 107 are in the interval between the estimated speeds with 
completely laminar and turbulent flows of che boundary layer. This mseane that in 
the fishes under study either the laminar »soundary layer persiste for a consider- 
able part of the body length or friction drag decreases significantly within a 
turbulent boundary layer. The sechaniem responsible for the decrease in resistance 
differe in the various species of fast fishes, but the integuments that come into 
direct contact with the water flowing around them are undoubtedly involved. 


The authors used in their study 20 species of river, marine, and oceanic fishes 
(about 100 specimens). They included: fast bony fishes--trout, pike, scad, 
bonito, wahoo, little tunny, yellowfin tuna, sailfish, and ewordfieh; fast carti- 
laginous fishes--blue shark, tope and mako (mackerel); and for comparison slow 
fishes=--burbot, ruff, perch, Don ruffe, white bream, roach, pickerel, and Black 
Sea spiny orem. The length of these fishes varied from 0.15 to 2.60 meters, 
Re; = 2x 10° to 5 & 10’. The skin structure, scales and secretory apparatus 
were investigated in moet of them. Their histological structure, properties, and 
interrelations were studied through the examination of sore than 4000 microscopic 
specimens. The fishes were caught, fixed, and frozen during field trips to the 
Dneiper River, Black Sea, and Atlantic Ocean. 


Uniti recently and with rare exception, fish skin and its derivat ives--scales 

and the secretory apparatue--vere — 8— only in slow flow bony fishes with a 
Reynolds sumber equal to or less than 10°. According to the literature and the 
results of our investigations, the histological structure of their skin is fairly 
similar, despite the differences in body shape and swimming speed. The skin of 
slow bony fishes, like that of all vertebrates, consists of three main layers: 
epidermis--thin external layer; corium--the skin proper, 4 thick middle layer 
consisting chiefly of collagenous bundles and fibers; and subcutie--the lover 
layer of loose connective tissue, which frequently contains numerous fat cells. 














The main function of fish skin is to protect the body against mechanical and othe 
injuries, Additional protection is provided by Lhe seales and slime released 
by special slime=producing cells. 


We studied the histological structure of the skin of bony fishes in detail, 
aceording te 4 single topographic echeme, in 15 to WO parte of the body, in 
different cross sections and in each cross section on the back, side, and ventra) 
portion of the body. The material was fixed in 10% formaldehyde and Bouin's 
fluid. The histological sections were 5 to 10 microns thick (20 to 25 microns 
in the case of sharks). 


We found that the ekin of fast fishes consists of the same three main layers as 
in slow fishes, but ite histological structure is guch more complex. The skin 
of fast fishes contains various structures lacking in slower forme, some of which 
we were the first to describe, such as a pigmented fibrous ‘ayer in tunas an’ 
evordfishes, and 4 fibrous stratum and specific combination of skin with muscles 
in the mako ehark. Thus, the structure of the integumente of the various [ast 
fish species has specific features peculiar to each group (9, 10, 18-20). We 
also found that while the structure of the skin in fast epecice differs signi- 
ficantly from one part of the body to another, these species exhibit definite 
patterns in thie respect. in the following paragraphs, we shall describe the 
structure of the skin taken chiefly from the middle of the trunk. 


A generalized histological cross section of the corium in specimens from the last 

bony fishes under study is as follows (from the epidermis to deep in the skin): 

a thick basal membrane (several thousandthe of a millimeter); 4 specific pigmented 
fibrous layer (hundredths of a millimeter); a well-developed corium (total thick- 

nese about one millimeter or sore) and a rather well-developed subcutaneous 

laver with a fairly large number +f fat celle found only in certain species. 


twe new layers not occurring in emall slow species can be distinguished in the 
skin of bonitos: the above mentioned pigmented layer in the corium, and 4 very 
distinct layer of subcutaneous fatty tiesue, the subcutis. This second layer is 
one millimeter thick in the little tunny but is absent in the yellowfin tuna; on 
the other hand, the corium of the latter is very well developed and it consists of 
a dense layer of collagenous bundles (about five sillimeters thick). The skin of 
the bonito has features both similar to and different from that of the little 
tunny and yellowmouth tuna. Like that of the little tunny, eword*‘ieh skin has 

a thick layer of subcutaneous fatty tissue containing concentrations of lose 
bundles of collagenous fibers. Like the yellowfin tuna, the corium of the sail- 
fieh hae a thick layer of collagenous bundles. Analogs in skin structure can be 
discerned in these similarities and differences which are related to the change 


in size and shape of the body, ewimming speeds, and Reynolds numbers wf fast bony 
fishes due to their mode of living. 


Shark skin also has 4 basal boundary membrane and upper, main, and lower layers 
of the corium. Between the corium and the subcutie is an elastic sembrane formed 
of elastic fibers arranged lengthwise (it occurs only in sharks). A large 
quantity of an amorphous substance and loosely arranged fibrous elements in the 
upper layer of the corium are characteristic of the skin of slow sharks. However, 























there is less of the amorphous substance in the lower layers of the corium and 
distinct solid strata of collagenous bundles are predominant. The faster a shark 
Swims, the greater the number, thickness, and density of these strata, and they 
acquire 4 compact and ordered structure. The cumerous strata of collagenous 
bundles and fibers lie parallel to the bedy surface to the term of 4 emall net- 
work. The direction of the fibers in the adjacent etrata is orthogonal and together 
with the long axie of the body it forme an angle of about 45° (35 to 40° in the 
tail) (2, 40). There is aleo.a similar diagonal arrangement of the fibers in the 
eortum of bony fishes. 


The diagonal arrangement of the collagenous fibers (which support the corium of 
sharks) along right and left epirale at a 45° angle to the long axis of the body 
is an optimal arrangement for swimming fishes when making bending and oscillatory 
movements. This is shown by 4 comparison of the solutions to two problems in the 
theory of resistance of materiale reinforced by polymeric cord (39). A round 2- 
layered rubberized-cord cylinder is deformed by internal pressure in different 
ways, depending on the angle o at which the threads of the cord lie in relation 
to the long axis of the cylinder. When a; is about equal to 35°, the shape of 
the casing remains cylindrical. An angle of a9 of about 50 to 54° satisfies the 
optimal conditions of fatigue strength of cord threads in rubberized-cord auto- 
mobile cires subjected to the variable etresses that arise when the sheets are 
rolling. Ase for the arrangement of the network of collagenous fibers in shark 
skin, a* (a) # a@g)"*, i.@., the conditions are satisfied for the least deforma- 
tion of the kin 24 reticulated reinforcement and for the least fatigue strength 
of the collagenous bundles and fibere of thie network. 


Analysis of the change in histological structure of the skin of bony and carti- 
laginous fishes in relation to an increase in the Reynolds number fr: « 10° to 
5 x 10° reveals the following general tendency: The epidermis becomes wore and 
more gultilayered with increasing size of the fish and it releases steadily larger 
quantities of slime into the boundary layer. This is consistent with the arrange- 


Another general tendency in the development of the skin of fishes with increase 

in the Reynolds number is the limitation of gobility of the associated layers of 
skin by the mutual penetration of tissues. This tendency is aanifested in varying 
degrees from one species of fast fish to another. Let use present some facts. 





The little tunny, yellowfin tuna, and sailfish have more or less distinct folds, 
especially in the upper part of the trunk, at the place where the epidermis joins 
the basal boundary membrane, thus increasing the cohesion between the two upper 
layers of skin and preventing the epidermis from separating when great shear 
stress is placed on their bodies. 


Microphotographs of histological sections of the corium of the bonito (Figure 2) 
and all tunas clearly show the transverse and slanting connective tissue bundles, 
which depart from the basal boundary sembrane, pierce the pigmented fibrous 
layer, and penetrate into the second connective tissue layer, the corium proper. 
The peculiar pigmented fibrous layer consisting of lamellar structures with a 
loose amorphous mass between thes parallel to the body surface appears to be 








reinforced and quite rigid, while the basal membrane above, and the coriun 
proper below, are tightly secured to each other. 


The tail of the tope and gako shark does not have 4 subcutie. The collagenous 
bundles are densely intertwined in the lower layer of the corium with muscle bundles 
of the skeletal musculature (10), at an angle to the long axis of the body 

(Figure 2.b.). The complex musculocutaneous system strengthens the skin and 
enables it to participete actively in the gsovements of theese sharke. 


An impor ont @eehanicoa. characteristic of the integuments of fast fishes is the 
skin mass, determinable by ite thickness. As the Reynolds number increases to 

5 =» 10°, the relative thickness of the skin in t large fast fishes, bony and 
cartilaginous, decreases from 1 x 10°" to 7 « 10-8, i.e., by a factor of 1.5 
(Figure 3). However, there are aleo gutually exclusive ex eptione: in the Littic 
tunny and blue shark, the skin is almost three times thicker than “normal” for 
most large fast fish, whereasin the thin-bodied, elongated wahoo, it is less than 
half as thin at the same Reynolds number. Thus three types of skin can be die- 
tinguished among large fast fish on the basie of thickness: thick, medium, and 
thin. The bonito, which occupies an intermediate position with respect to the 
structure of its skin, is found at the point of branching in the graph in Figure 
3. 


The following species belong to the sost numerous group of fast fish with relative 
medium thickness of the skin: trout, bonite, vellowfin tuna, sailfish, swordfish, 
tope, and mako. According to the available qualitative data on fish skin, this 
group aleo includes other species of scaly turas with a body length of L greater 
than 1.0 meters (bluefin tuna, albacore, bigeye tuna) ae well as some marlin and 
spearfish species, i.e., the group embraces the largest fast fishes. A feature 
common to the integuments of all these highly varied species of fast fish is the 
presence of ecales and abundant slime, the latter a major factor in decreasing 
the hydrodynamic resistance of the above-named species. 


In addition to the little tunny, the fast fishes with comparatively thick skin 
include skipjack tuna, mackerel-like tuna, blue shark and the Greenland shark 
(according to the literature). The common features of the integumente of the 
above-mentioned tuna species are the smooth surface of the skin and the absence 
of scales and slime. The common dolphin appears to be 4 natural continuation 

in the series of tuna and shark species arranged by lds number and relative 
skin thickness (Re, = 2 x 10’ and t/L of about 9 x 1079) (Figure 5, point 12). 

A emooth skin surface and absence of slime are also characteristic of dolphins, 
which were found to have a self-adjusting damping capacity (34). 





It is reasonable to assume from the above that hydrodynamic resistance is reduced 
in the bonito, little tunny, and ewordfish by the damping capacity of the skin, 
specifically, by ite pigmented fibrous layer. The latter contains 4 loose amor- 
phous mass and it is several times thicker than the layers of skin below. How- 
ever, the mechanien of damping by fish skin must be distinguished from that by 
much thicker skin by ite different structure, absence of a papillary layer in 

the corium, and by the fact that blood pressure in cold-blooded organisms is one- 
tenth that in aquatic mammals. Hence the damping capacity of the skin of fast 

















fishes must be less efficient than that of dolphins. This ie confirmed parti- 
cularly by the fact that none of the tunas without seales and slime grow to a 
large size (lL less than 1.0 meters) or swim ae fast as the larger scaly, slime- 
producing tunas. The efficiency of the damping action of fish skin warrants 
epecial study. 


The relatively thin and emall skin masse of the wahoo is consistent with ite Low 
power=to-weight ratio which barely equale that of the dolphin, although the 
wahoo's top swimsing speed is much greater than the dolphin's. It is reasonable 
to assume that the traveling wave effect on the skin reduces the hydrodynamic 
resistance of the wahoo (27, 28). It follows, from the theory of the traveling 
wave on a flexible body moving forward in an ideal fluid, that, with oscillations 
of the plate and cylindrical casing, their rigidity is proportional to the cube 
of the thickness of the skin (27). Therefore, if fast fishes use the effect of 
the traveling wave, it is most energy-efficient for fishes with the thinnest 

skin, a condition satisfied by the wahoo. It will be noted that the absolute 
thickness of wahoo skin (0.45 gillimeters in a fish longer than one meter) is 
approximately the same as in the emaller bonito. Cases of propagation of periodic 
low-amplitude waves have been observed on the skin surface of freshly caught 

(by commercial fishermen) bonitos with intact skin. fhe question of the traveling 
wave on the bonito is worth further investigation. 


The great majority of fishes have scales (7, 8, 18, 41). Seales, together with 
skin, form the external skeleton and perform protective and some other functions 
(2). They [the scales) vary from species to species with respect to distribution 
on the body, position in the skin, structure, shape, size, [the fishes] moce of 
life, [fish] body size, and [fish) sewiaming speed. We studied scales in intact 
fixed «pecimens from the above-mentioned species. Using a binocular magnifying 
giase and sicrophotography, we investigated the topography, relative position, 
and relative size of the scales. As a result, we also discovered hyd 

functions and patterns of change in the scales, including those of fast [fish] 


species. 


The body of bony fishes is usually covered with scales of the cycloid or ctenoid 
type. The scales are covered on the outside by 4 thin and, in some species, 

thick layer of connective tissue and epidermis containing many secretory cells 
thet release a slimy substance which separates the body of the fish from the water. 
There are species completely lacking in scales and species in which scales appear 
only on certain parts of the body as in scaleless tunas (they have scales only in 
the anterior part of the trunk in the form of a corset unique to tuna). 


The scales of some large fast bony fishes are unusual in several respects. In 

the bonito, they are emall and reduced. They are covered on top by a fairly 

thick layer of connective tissue and «pidermis and, consequently, the slime-covered 
body is very smooth to the touch. In the yellowfish and other scaly tunas, the 
scales are larger, but these fish attain a fairly large size. Since the scales 
are embedded deep in connective tissue, the body surface of tunas is exceptionally 
smooth. In the sailfish, marlin, and spearfish, the scales vary in shape in dif- 
ferent parts of the body. There are four gain shapes: tear-shaped, wedge-shaped, 
lanceolate, and threadliike (20). These scales, unlike those of other bony fishes, 
are not continuous; i.e., there are spaces between the rows. 











Large but thin and flat tear-shaped scales with a round base, an elongated, poin: 4 
end and arranged in separate, distinct longitudinal rows, are found on the later 
aurface of the sailfish. Each scale in a row lies free, not superposed upon eac: 
other, at an angle to the bedy surface and completely embedded in the dense con- 
nective tissue layer of the corium. Over the scales are cover layers about 0.15 
millimeters thick. Thus, the surface of the sailfish body when flat is compara- 
tively smooth. However, even when the fish bends only slightly, the free ende o! 
the tear-shaped scales raise the layers of skin above them to form 4 crest ab out 
0.6 millimeters high, while longitudinal ribbing appears on the convex latera! 
surface of the body. The ribbing is most pronounced in the center of the body. 
It gradually decreases toward the head and tail and in every cross section from 
the middle to the dorsum and abdomen of the fish. 


The surface of the skin in the large ewordfish is raised with longitudinal folds, 
depressions, and an apparently secondary slight roughness due to small unique 
scales (18). The longitudinal folds run from the head to the middle of the body 
and then gradually decrease. They also change size from the dorsum to the side 
and then to the abdomen. The raised skin of the swordfish is probably smoothed 
out in part by a layer of slime from the secretory celle and canals. The shark 
body is covered by placoid scales arranged in diagonal rows in the direction of 
the spirals of the connective tissue fibers of the corium. Inflexible longitudi- 
nal ribs are usually found on the plates of the placoid scales. The number of 
these ribs or keele varies from one to three or five, depending on the species. 
As a result, the placoid celle are very rough, like emery paper, but even a well- 
streamlined shape has rough elements. 


The scaly integument of slow and fast sharks differ significantly in the compact- 
ness and size of the placoid scales and keels. In the Black Sea spiny dogfish, 
for example, the scales are large and relatively far apart (10 per in the 
middie of a one-meter shark). In the fast mako shark, they are closer, often 
touching one another and forming a * armor plate with precise diagonal rows. 
(The scales are enall with 50 per mm* in the middle of a one-and-one-half meter 
shark.) The height of keels decreases proportionately from 100 to 25 micrometers. 
Moreover, the keels of the scales in fast sharks go inthe same direction as the 
preceding ones, seeming to form over the entire body surface almost continuous 
longitudinal microribs resembling the above-described ribbing on the sailfish 
and the longitudinal skin folds on the swordfish. 


Despite the extremely varied types of scales, a relative decrease in the size of 
the scales with an increase in the Reynolds number is characteristic of the 
general tendency. It is shown in (6) that the size of the scales is functionally 
related to the degree of mobility of the fishes, but the decrease in size of the 
scales with increasing length of the fishes is due solely to the greater flexi- 
bility of the body. Our further analysis of the data revealed that a hyperbolic 
relationship exists between the relative maximum swimming speed 0, =< al and 
relative length of the scales ‘/L (| = length of a scale, L - length of the fish). 
We found that in the case of slow freshwater fishes (bream, roach, crucian carp, 
wild carp, and others) \/L varies from 10 to 45* for = 1, but in the case of 
emall fast marine fishes (gullet, mackerel, Atlantic mackerel, scad, bonito) \/L 
varies from 2 to 8* for be — 1.5 to 3.0. This is an indication of the hydrodynamic 
value of scales. 














Supported by our histologic studies on shark scales (42), we present the resuite 
of a hydrodynamic evaluation of scales according to boundary layer theory (Figure 
4). tLe is evident from the graph that the relative extent of protrusion of a 
acale k/L lies between the permissible heleht of the roughness with turbulent and 
(conditionally) [laminar] flow boundary layers (44), namely, (k/L) 4<k/L<(k/L)a. 
Accordingly, with an increase in the Reynolds number, the height of the protrusions 
of the scales comes steadily closer to the minimum permissible values. It is 
interesting to note that for sharks the relative height of the scale proper is 
equal to the latter, while the total height (scale plus keel) is at the level of 
the corresponding values for the scales of bony fishes. Thus, the height of the 
protrusions of the scales satisfies the demands of boundary layer theory for both 
bony fishes and sharks. 


Another general characteristic of the tendency for scales to change with increase 
in the Reynolds number ie the intensified directive action of scales, as shown b 
a number of factors. The general longitudinal ribbing of the scales of large f+. ¢ 
bony fishes and sharks was mentioned above. it is clearly manifested in the 
latter by keels (42). One can clearly distinguish on the surface of sharks loc. 
zones of change in scale and keel orientation to the longitudinal direction of 
the body at an angle of 10-15° up to 40-45". These cones are found in gill slits, 
pectoral, dorsal, and ventra! fins, and in the tail. The angles of deviation of 
keels from the longitudinal direction change with increase in swimming speed of 
the sharks, and the very fast sako has additional local zones in the anterior 
part of the body (on the side) and in the tail. 


Unlike emall slow fishes, a new formation in the form of 4 pectoral corset appears 
on the scales of bony fast fishes. it is situated directly behind the gill covers 
anc has a complex contour with an indistinct boundary in the bonito; it is quite 
pronounced in scaly and scaleless tunas. Some tuna species have a very well- 
developed corset covering about one-third of the body surface (43). The corseted 
ecaies are strong, flexible, and light and occur in bundles with three or four 
scales in each. They undoubtedly maintain the shape of the anterior part of che 
body unchanged in fast fishes when exposed to high dynamic water pressure. The 
very shape of the boundaries is indicative of the directive action of the pectoral 
coreet: it is narrow on the back and abdomen and fairly elongated on the lateral 
surface of the body. Corseted scales line the region around the pectoral fins. 
Thus, the conditions for maintaining body of revolution flow around local obstacles 
are satisfied. 


In all sharks, the scales are round, smooth, without keels, od close together 

in the front of the protruding parte of the body--on the tip of the snout, on the 
anterior edges of the fins where the boundary layer is known to be laminar, on 

the dorsal crest, and around the eyes where the flow of water is sometimes oblique. 
Keels gradually form across several rows of scales, first in the after part of 

the scales and then in the forward part. The width of tie regions with indistinct 
keels varies from species to species, depending on the size and speed of the shark. 
The developed keels increase in height from the head to the middle of the fish, 
i.e., as the boundary layer expands, and then decrease with decrease in cross 
section of the tail and increase in amplitude of the oscillatory sovements. 

















‘hws the hydrodynamic function of fieh seales is net determined solely by thei: 
rougimess, a6 ie often aseumed, The seale layer of fast fishes differ signifi- 
eatitly from the ordinary rough surface of solid bodies in the following freapecio: 
(1) regular checkerboard arrangement of wnifere and similar eeales in a way that 
feguiates vortex formation in the boundary layer; (14) emoeth contours of scales 
in fesse section te ensure continuous flewing around, ©.@., the familiar shape 
of the eyeloid seale, (iil) directive aetion of sicroelements in shark seales, 
includsne the keels which have 4 pronounced general longitudinal direction an’ 
hydrodynamicaliy sound local regions of change in orientation; (iv) scale ficri- 
bility ganifested during bending and oscillatory movements of the body; (v) the 
extent of seale protrusions is in the interval of permissible values according 
te boundary layer theory; (vi) the scales of fast bony fishes are alwaye covered 
by epidermis and slime released by the excretory celis. in sharks, 4 seale with 
ite own plate may pierce the epidermis, but it probably aleo has 4 slime coating. 
Siime is 4 biopolymer lubricant with the distinct capacity to diffuse in the 
boundery layer. 


The above-mentioned hydrodynamic qualities of scales justify our regarding then 

a8 4 @eans of retaining slime on the body surface and a6 an organ which performs 
seversl Gimulianeous functions directed toward regulating the boundary layer of 
fast fishes. This conclusion is supported by the following theoretical and experi- 
mental considerations based on the presence of a vortex field proper in the ecales. 
There is 4 theoretical solution (5) which shows that turbulence in 4 laminar fiow 
with uniformly distributed vorticity quickly eubsides if the vortices of the 
positive and negative directions of rotation are arranged in checkerboard fashion. 
Such 4 distribution of wor ces ower fish seales can indeed exist. Moreover, 
further analysie of experiments in an aerodynamic Bey with large solid wave 
models in 4 two-dimensional flow with Re, = 2 « 10° (4) revealed the following. 
With an appropriate wave configuration, the velocity profiles in the boundary 
layer are transformed favorably for maintaining the stability of the boundary 
layer both at the crest and in the trough of a wave. This is particuiariy poe- 
sible over fieh scales where the waves are three-dimensional in characcer and the 
spreading of the boundary layer on eac! ecale is assured. 


Vinally, our experimental data on the microdimensions of shark scales show 
(Figure 5) that the area 5 of 4 scale and the distance § between the keele of the 
scale in fast sharks are emalier than in slow fishes and that the absolute values 
of these quantities steadily decre se with increase in the Reynolds number. 
However, the relative walues of the size of a scale approach some maximum values, 
i.@., the ratio of the length § te the width « of a scale is ‘/o*l While the 
ratio of the distance ) between the keele to the height of their ao is i/d + 2.6. 
These ratios are significant because of the stable condition of the boundary layer 
afv.or the creation of epatial turbulences in the form of longitudinal cellular 
convective vortices in which the length of a wave of turbulence acrose the main 
flow is \ while the depth of the celle ie 4. it was theoretically found and 
experimentally confirmed that in case one boundary ie free and the other ic fixed 
(as in the cell of a scale), the critical walwe at which cellular vottices no 
longer spread to the entire depth of the boundary layer is §/d = 2.66 (45). This 
valve is adhered to with striking accuracy in the terminal scales of the fast 
mako shark. 




















Fish gueue attracted the attention of lavestigetere seme time ago, but it was 
studied @ainiy in email slew bony fishes and net in relation te the skin strue- 
tute and seales, Some investigators denied that it wae present in sharks, The 
general view was that fish mucus hae 4 gultifunet ional purpose chiefly defensive 
in nature, 


in Our Own studies on bony fishes and sharks, including large fast epecies, we 
studied the various types of secretory, sucue-forming celle of the epidermis, 
the chemical composition of mucus, the quantitative distribution of secretory 
celle on the body surface, and change in the factors affecting mucus with in- 
crease in the Reynolds number. We determined the chemical composition of secre= 
tory celle weing Schiff's test with euch stains a6 aercury bichloride-bromphenol 
bive, thienin, and alcian blue, We devised 4 special technique for preparing 
epidermis sections in order to study the topography of secretory celle. We used 
a especial inetruwent to determine the thickness of the mucus layer on 4 live 
fieh (21). It inwelwed measuring the distance from an 

on the body surface to the stained epidermis. The gucue layer was found to be 
40 to 45 micrometers thick on the awerage with var 

eters, partiy due to imetrumental error. 








Three types of secretory sucue-producing celle 
of the various species of fish: cup-shaped, f and 

differ from one another with respect to location in the various layers of the 
epidermis, shape, size, internal etructure, and chemical composition. 


We found that the production of gucus and the way it is supplied te the body 
surface depend on the sive and swimming speed of the fishes. Small siow- 
evimming freshwater wy? have two or three types « secretory celle, sediun- 
fast fishes one or two, and fast bony fishes and sharke only one, i.e., granular 
(}). Thue, with increasing swimming speed, i.e., increase in the Reynolds 
oumber, 4 narrow specialization, ae it were, of secretion takes place in the 
fishes. Depending on the nature of the secretory celle, the qucus synthesized 
in them reaches the body surface in two ways: by the celle with seeretion ad- 
vancing to the surface of the epidermis where it is completely destroyed and 

by the queus coming from the deeper layers of the epidermis wie intercellular 


passages. 


The histochemical reactions of the granular secretory celis showed that they 
contain gucupolysaccharides, sucleic acids, and proteins, i.e., high-molecular 
polymer compounds. it is generally known that the addition to water of emall 
quantities of high-mplecular organic and synthetic polymere of similar composi- 
tion produces 4 very effective (about 80%) decrease in the hydrodynamic friction 
drag of solid bodies moving in solutions of low concentration (11, 35). Thus, 
fish mucus comes into direct contact with the boundary layer and serves as an 


active biopolymer coating. 


The regular lengthwise distribution of both the number of secretory celle per 
wait of area and their size in the epidermis in some bony fishes is significant 
(Figure 5). Tt ie ewident that this distribution ie related to the body shape 
and ewieming speed of the fishes and to the characteristics of the boundary 

















layer, Strong turbulence and even separation ef the boundary layer may wel! oc... 
in the places behind the gill elite where streams of water are ejected while the 
fishes are breathing ae well ae in the diffusive and very narrow caudal region of 
the body with tte wide amplitude of bending and oecillatery movements, Therefore, 
fields with high secretory activity are formed here in fast fishes, They contain 
many of the largest secretory celle (ef, the peake on the graphe in Pigure 5), 
This is clear ewidenee of the role played by qucus in stabilizing the boundary 
layer of fishes. Let we examine now some of the characteristics of different 


apecice. 


In the email roach, ruffe, white bream, and pickere! which have low Reynolds 
pumbers, the [laminar] flew boundary layer persists along the entire length of 

the body and the distribution of seeretion ie wnifeore everywhere with no peaks. 
The gueue of these fishes containe two types of secretory cells with different 
functions. With increasing ewiaming speed and Reynolds number, the distribution 
of the secretory celle and the supply of gueus in the epidermis become uneven 

and only the granular type of secretory cell is found. Por example, the pike with 
ite brief quick thrusts hae the aaxigum amount of secretion behind the gill slits, 
in the caudal region the boundary layer epreade to the large accessory paired fine. 
Two peake are characteristic of the distribution of qucus on the fast sead in 
keeping with a body shape that narrows ly toward the tail (6). The absence 
of 4 qucus peak in the bonite is due te the presence of 4 pectoral scale 
coreet (for direction control) and the change in respiratory movements. 


Unlike slow ewimmere, fast fishes are known to have passive respiration: their 
mouths remain elightiy open allowing water to pass freely through the gille. The 
distribution of mucus in sealy tunas is similar to that in the bonite and their 
muecus-producing apparatus ie particularily well developed in the caudal region. 
Almost ail the epithelial celle are converted here into secretory celis, forming 
@ solid mltirow field of gucue-producing celis. 


The structure of the secretory apparatus ie gore complex and specialized in such 
members of the family Kiphiidae ae the sailfieh, marlin, and epearfieh (20, 48). 
Their skin contains 4 gucus-producing system of cansis that open onto the body 
surface through excretory pores. The walls of the canals and pores are covered 
by multi-layered epithelium with secretory celle, which inereases several times 
the total secretory area and amount of secretion elaborated by the fish. It is 
important to mote that the interconnected gucue-producing canals and excretory 
pores in the skin of the xiphioid species occur all over the body, including 
the head. Moreover, two such  eteme are known to ex st, one on the left side 
of the body and the other on the right side, but they do not communicate with 
each other anywhere. Thie suggests that each of the two gucue-producing systems 
functions alternately during the bending and oscillatory movements of the fish. 
Thee, the queue ic utilized quite economically. 


A powerfully developed secretory apparatus with ite specialized hydrodynani« 
fumetion is found even among siphioid species in the very fast ewordfish whose 


large individuale have the highest Reynolds numbers of 411 fishes, about 
te 1 « 10°. fwen with the naked eye one can over the entire body and head 


ece 
of an individual 2.6 meters long, pores sumbering 0.*% per square millimeter and 











0,07 te 0.2 am tn diameter with an average diameter 0.1) am (on the side of the 
body). A siimy substance can be easily squeezed from the pores. The pores lead 
to taternal camale that can be exposed by dissecting the upper layers of shin, 
The canale ite at 4 depth of one am parallel to the skin surface and are ne sore 
then 1,00 am (average 0.5 ae) in diameter, elween the intracutaneous gucus 
cavitles are fumerous anastomoses, especially in the ead and gill covers, The 
canals on the back and abdomen of the ewordfich are intertwined forming an unusual 
network of these etructures, but on the side of the body they are almost parallel 
te one another and oriented orthogonally by external longitudinal folde and 
depressions in the skin (18). When 4 ewordfish makes rapid bending and oscilla=- 
tory movements, the intracutaneous gucue=producing canals on the sides of the 
boly gay be stimulated successively from the head to the tail, at which time 
mucus ie released to the boundary layer in email quantities, 4 very rational 
method. 


We were the first to discover in the ewordfish net only the left= and right-side 
intracutaneous @ucus-producing systems common to 41] siphioid species but also 
local gucue-regulating systeme found behind the gill elite and along the back, 
found only im the ewordfieh. Behind the gill elite are peculiar structures, 
erypts, whose Lining epithelium containe 4 large number of mucus celis. These 
structures resemble gastric or intestinal crypts. Swordfish crypts incraase 
secretion behing the gill elite te 4 greater extent than do those in other and 
slower fishes whose Reynolde cumbere are one-tenth as high. 


Along the @idline of the ewordfich doreuwm is 4 succession of int racutaneous 
ampuliae filled with a slimy eubstance. They can be found by dissecting doreal 
skin at 4 depth of 10 to 12 am from the surface in the amount of 2 « 20 unite. 
The maximum length of an ampullae in a fieh 2.60 meters long is WO millimeters 
and the diameter ic about 13 @illimetere. The ampullae do not intersect with 
one another but open inte longitudinal excretory slits on the doreum. The walle 
of the ampullae and excretory elite are lined with quitilayer secretory epithe- 
lium while 4 @uous reserve ic present within the ampullae. The lining epithelium 
has cryptlike processes that intensify the secretory activity of the ampullae. 
The existence of these ampuliae as additional mucus reserves against local turbu- 
lence of the boundary layer behind the doreal fin may be due to the fact that 
the ewordfieh fin is very large thick and is not tucked, ewen partly, inte a 
tuna 


and 
epecial pocket, a6 in the and the sailfish, when swimming at high speeds. 
The ewordfigh deserves spec study in the field of bionice by researchers be- 


ial 
cauee it possesses unique local gucue-regulating systeme in the form of crypts 
and ampullae. 


That the hydrodynamic function of qucus is to lower the resistance of large fast 
fishes can also be demonstrated by comparing the mucus layer in slow and fast 
sharke (Pigure 7). The Black Sea spiny dogfich ic characterized by large secretory 
celle arranged in 4 single row evenly ower the entire body surface. in the fast 
Atlantic make ghark, on the other hand, the mucus celis are emall and concentra- 
ted gostiy in the diffusive part of the body where they fill almost the entire 
mase of epidermis, being arranged in several rows one over the other as in scaly 
tunae (9). Our detailed etudies on the gucus layer in four shark species con- 
tradict the wiew expressed in the literature that these fishes do not have 
secretory celle. 














The researches of other authore whe made some additional discoveries ale. pro= 
vided direct experimental proof of the value of mucus in lowering hydrodynamic 
resistance (15, 16, 22, 23, 26, M, 46). Towing dead pikes in an exper tal 
tank of the gravity type showed that 4 significant effect with fe = 1 « 10” can 
be achieved only in freshly caught river fish with uninjured skin and intact 
secretory apparatus, The longer the pike is kept in 4 tank, the less the effect 
(like the decrease in effectiveness after the decay of queues over time (22, 2), 
26). 


Field experiments with Baykal omule and graylinge in « biohydrodynamic tunne) 
convincingly showed that the resistance of live fieh ie lese than that of dead 
ones with an intact mucus layer (26). Experiments with aqueous solutions of @ucys 
from different fishes, including scaly tunas, carried out in 4 hydrodynamic ap- 
peratus with two coastal cylindere (one of them rotating) confirmed that turbu- 
lent friction decreases about 60 percent. At the same time the investigators 
found the optimum concentrations of solutions of fish mucus that achiewe the 
greatest decrease in resistance. Such optima aleo exist for synthetic polymere 
(15, 16). 


Of interest are the comparative experimental studies on the decrease in friction 
resistance to the turbulent flew of aqueous solutions of gucus from freshwater 
and marine fishes conducted with the aid of a portable rheometer (46). The 
stainiess steel tube of the latter hae an internal diameter of 0.54 millimeters 
and the gucus solution flows through it at the rate of 13.7 a/sec, Solutions 
from eleven fast marine barracudas 0.66 to 0.79 meters long produced the greatest 
decrease in resistance (about 66 percent). Barracudas belong to Group I in our 
hydrodynamic classification (the Wahoo Group--thin-bedied, elongated with an 
oval head (33)). Tt ie interesting to note that we were unable to achieve « 
marked decrease ir resistance by useing @ solution of mucus from the “California 
bonito” and expressed surprise at our failure te do so. The fact is thie species 
belonge to the ecaleless tunas, thus confirming our view that there are two groups 
of tunae differing from each other with reepect to the nature of the integuments 
and the presence of mucus. 


Mention should be made of the reeuite of comparative experimental «* ‘ies on the 
hydrodynamic resistance of turbulent flow in getal tubes containing .vepensions 
of epidermal cells from Black Sea doiphine (38, 47). Suspensions of celle from 
the sloughed off layer of epidermie from the bottienose dolphin and slow harbor 
porpoise were tested. The concentrations of the suspensions ranged from 0.002 
to 1.0 percent, but in ali cases the hydrodynamic resistance of the suspensions 
ecarcely differed from that of freshwater under turbulent conditions with identi- 
cal Reynolds numbers. Thus, these experiments confirmed our contention that 
there fe « qualitative difference in the sechaniems of decrease in hydrodynamic 
resistance of skin between most fast fishes and dolphins. 


These are different experimentally supported theoretical explanations of the 
wechanien of decrease in resistance of aqueous solutions of fish mucus in low 
concentrations, which aiso confirm our views (12-14, 17, 29). The qucue of 4 
evieming fish diffuses into the boundary layer. The concentration of the solu- 
tion decreases with distance from the skin sur‘ while ite viscosity increases 
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te the viscosity of the selwent-water, Analysis of differential equations of a 
boundary layer with varlable viseosity shows that ite presence with a positive 
afedient is equivalent to 4 change in the vertical component of velocity and that 
eteabiliees the laminar flew. A combined solution te these equations and the 
diffusion equation wit) an investigation of the stability of the given flew te 
low turbulence in 4 case inveiving the flew around 4 semi-infinite plate revealed 
the following. When there is an increase in the Prandtl number Pd = v_/d, where 
¥. 16 the viscosity of the fluid of the approach stream and d is the coefficient 
of diffusion of mucus, the effect of the viscosity gradient is manifested next 

te the wall, With slight dietanee from the wall, the profile of the velocities 
differs little from the ordinary distribution of velocity within the boundary 
layer. WNeutral curwee for the boundary layer on 4 flat plate with an increase 
in the Prandtl number show 4 substantial decrease in the region of flew inetabil- 
ity and an increase in the critical Reynolds number, e.g., by a factor of 
compared with the case of 4 boundary layer without 4 viscosity gradient (Blasius' 
solution) (12, 29). 


Another theoretical explanation of the effectiveness of fish gucue is based on 
the following two characteristics of the flow of polymer solutions, which were 
experimentally established and repeatediy confirmed by different investigators. 


1. Qmly solutions of high-molecular polymere with 4 chain structure and rela- 
tively long particles significantly decrease hydrodynamic resistance. 


2. GSelutions with long particles affect the layer of fluid near the wall and do 
mot cause changes in the sone of the turbulent core of the flow. This suggests 
that the long particles of the bio-polymers are oriented along the wall of the 
fiew due to the large velocity gradient in the viscous sublayer and transition 
layer, thus extinguishing the transverse pulsation of the velocity v' and 

causing trubulent friction (ou'v') to decrease. The resulting theoretical cor- 
relation links the characteristics of the boundary layer to those of the solution, 
producing 4 quantitative evaluation of the estimated effectiveness consistent 
with the experimental data. For guanpie, with 4 solution viscosity of » = 2 ep 
and 4 Reynolds number of Re, = 10’, the gain in flow velocity is dgubled. 


; 
We should like to note, in conclusion, that in the course of the present study 
we uncovered gany new facts about the structure, functional significance, and 
interaction between the flow boundary layer and the integuments of various fish 
species. Our findings will introduce significant changes into our knowledge of 
these widely distributed inhabitants of the World Ocean who are the major objects 
of bionics research. 


Based on 4 large masse of experimental material, we were the first to show the 
following pattern in the integumente of fast fishes which function to reduce 


hydrodynamic resistance. 


With an increase in the Reynolds sumber to Re, 1 x 10° of both bony and carti- 
laginous fishes, the @ultifunmctional eucus layer becomes 4 leading factor in- 

fiwencing the boundary layer. This is due to the divergent development of the 
skin of fast fishes with especially thick quitilayered secretory epithelium and 











limited mobility of the subjacent interconnected layers of skin, reduction of 
the seales, intensification of the directive action of the seales, speciali-~ 
sation of the secretory apparatus, and increase in the amount of diffusive 
active biopelymeric @ucuse in the skin of the tail of sharke and sealy tunas 
and all over the surface of wiphioid fish species. The mucus layer of eword- 
fish ie particularly owtetanding in ite hydrodynamic function, We were also 
the firet te discover that the raised mucue-covered surface of ite skin has 
longitudinal folde and depressions, left-side and right-side mucue-produc ing 
systems of intracutaneous canale with excretory pores, and sites that regulate 
the discharges of qucus with branched crypts behind the gill elite and reserve 
ampullae situated along the dorsum. 
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SOME HYDRODYNAMIC PATTERNS IN STRUCTURE OF INTEGUMENT OF MARINE ANIMALS 
Kiev BIONIKA in Russian Vol 10, 1976 pp 27-33 


[Article by V. 8. Babenko and 0, D. Nikishova, Institute of Hydromechanics, 
Ukrainian Academy of Sciences, submitted 23 May 74) 


[Text] The swimming speed, as well as morphological structure, of aquatic 
animals are related to the physical parameters of the environment, mode 


of propulsion and life style. In turn, the influence of the environment 
on the integument of a satic animals depends on speed, conditions and 
mode of ewimming, and it is unrelated to animal species. in the course 
of evolutionary development, different species of animals developed 
similar adaptations for rapid swimming. For this reason, it was interest- 
ing to relate the physical aspects of processes in the boundary layer 
with flow around a solid of revolution, which have been studied well and 
comprehensively, to che properties of the well-innervated integument of 
marine animals. 


To date, there has been little study of the nonstationary nature of pro- 
pulsion of marine animals. However, it was demonstrated [7, 8, 13) that, 
in the first approximation, the nonstationary nature of active swimming has 
an insignificant influence on the nature of ‘low and general frictional 
drag. For thie reason, we shall use here 4 quasistationary approach to 
discussion of this question. 


There has been little study of the interaction between flow and the skin of 
marine animals, which differs from a rigid surface in its mechanical pro- 
perties. Moreover, the superficial layers of the skin of marine animals 
are more profusely innervated than human skin [18]. Let us make a hydro- 
dynamic analysis of the morphological structure of the integument of 
marine animals. Let us consider the flow of water around the body of 
marine animals on the example of the dolphin, on the assumption that its 
body is rigid. Let us then determine which hydrodynamic characteristics 
of flow could serve as 4 stimulus for the skin and in which direction the 
animal's adaptation should have proceeded to eliminate undesirable 
exogenous stimuli. We shall draw upon existing morphological and hydro- 
dynamic data to vrove expounded hypotheses. 
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in the etreamiine boundary layer, the asymptotic increase in thickness of 
which along the body is attributable to the correlation between viscous 
and inertial forces of the incident flow, exchange of kinetic energy 
between basic and exciting [perturbing] motion in the region of the 


critical Layer. 


It may be considered that the coordinates of location 


of the critical layer coincide with the coordinates of displacement 


thickness 5*, 
the external outline of a dolphin. 
which was calculated in [2]. 
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Figure 1. 
Distribution of hydrodynamic charac- 
teristics along solid of rotation 
similar in shape to body of a dolphin 
1) tangential (shearing) stresses on 
internal skin surface 
2) tangential stresses 
3) static pressure 
4) displacement thick’ess of 
laminar bourlery layer 


Since the thickness of tie boundary layer is determined by changes in cor- 
relation between viscous and inertial forces, the most reliable means of 
affecting it may be interaction between elastic-damping integument or 
mucous surfaces of the body and incident flow. 
ents of curvature of thickness of the boundary layer is small, and there- 
fore the “linearization” method should be quite effective over short 


distances. 


For this reason, the sword of some swift fish may also be considered as 
In this case, the turbulent boundary layer 
appears on the sword, and for this reason we observe virtually linear 

increase in thickness of the boundary layer, while the negative pressure 
gradient in the anterior part reduces the frequency spectrum of velocity 
pulsations. Thus, the need for “linearization” of increase in thickness 
of the boundary layer in marine animals is an indirect reaction of their 


a means of “linearization.” 


Figure 1 illustrates a solid of rotation which approximates 
Line ¢ refers to the value of 6*, 


Negligible fluctuations of longi- 
tudinal velocity of the main flow 
will cause substantial change in 
shape of the streamline in the 
nose of the model (in the region 
of maximum curvature of displace- 
ment thickness). This could 
provide conditions for appearance 
of Tollmin-Schlichting waves, 
even if all other body stream- 
line conditions are ideal. Then, 
one of the means of increasing 
the length of the laminar and 
transitional segments of the 
boundary layer and reducing the 
frequency spectrum of pulsating 
velocities is to obtain a 
smoother, close to linear, increase 
in thickness of laminary and tur- 
bulent boundary layers, i.e., 
“Linearization” of increase in 6. 








The zone of maximum gradi- 





receptor system to other stiguli, and it may arise to reduce friction drag 
and the frequency range of pressure pulsationr. 


20 











it may be assumed that the gradient of curvature of 6* is the firet factor 
affecting the receptor system of marine animals. The pattern of distribution 
of static pressure P along the body may be the second factor. The distri- 
bution of P calculated in (12) is illustrated in Figure 1, curve & It te 
known that the Reynolds number of transition on solide of rotation is 

in the vicinity of minigum value of P. Thus, the shape of a rigid body 
influences the length of the laminar and turbuient boundary layere. 


A change in sign of the pressure gradient and parameter P itself, observed 
in the region of aininel pressure, are a direct stimulus of the receptor 
system. The Reynolds transition number can change because of the shape 
of the body, mode of propulsion and influence of stabilizing properties 

of the integument on the boundary layer. For thie reason, the animal's 
reaction to the stimulation of the second factor should have been mani- 
fested, as a result of lengthy evolution, by a change in the above stimuli 
in the required direction. 


Indeed, the shape of the dolphin body is laminary. The rigid laminary pro- 
files used in engineering reduce resistance to }0%, Re = 5*10*, Dolphins 
can alter the shape of their boc, when swiaming at different speeds (6) 
and increase .he efficacy of effect of laminated shape on reduction of 
resistance. Redistribution of P along the delphinid body is observed 

as 4 result of gode of propulsion [13, 14]. It has been demonstrated (6) 
-hat there is a readjustment of stabilizing properties of the delphinid 


integument at maximum swimming speeds. 


Thus, when taking meas * on marine animals, one should find a 
more even distribution o in the region of change in sign of 
pressure, and the 4 of distribution of P along the body should 
differ from that illustrated in Figure 1, Reynolds transition number 
should be higher than that of a rigid soli’, and marine animals shou! ¢d 
be able to shift the zone of transition from laminary to turbulent 
boundary layer by means of reflexes. 


The distribution of pressure along the body has another ‘unctional meaning. 
We see in Figure | that most of the body is under the in ivence of stisu- 
lation. In spite of the significant hydrostatic pressure, particularly 
when diving, most of the integument is, so to speak, separated from the 
skeleton of the body. This explains the appearance in dolphins of a 
skin muscle and specific skin structure, which counteract separation 
stress. Analogous adaptations are present in the integument of other 
marine animais. The skin guecle of delphinids and its receptor system 
are subject to variable stress depending on swimming speed and depth. To 
eliminate this stimulus, the delphinid adaptations should be directed to- 
ward displacement of the zone of stimulation closer to the caudal part of 
the body that is subject to dynamic stress with the oscillatory sode 


of propulsion. 
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The third stimulating factor could be the distribution of tangential 
stresses t along the body (see Figure i, curve 2). Point A shows the 
coordinate of location of Reynolds number for buckling ("loss of 
stability"), , determined by the calculation method in [15] for 
solids. Point B refers to the Reynolds transition number, or bottom 
critical Reynolds number, Re... its coordinate is found in the 

region of minimal pressure. int C characterizes the start of developed 
turbulent flow and is determined from the ratio for solide of rotation, 
x,/x, = 1.6, where x, is the longitudinal coordinate of Rep,, and x, is 
the corresponding coordinate of the top critical Reynolds number, Re.,-,. 


Curve / refers to the tangential stress on the internal boundary of the 
integument , induced by tangential etreses t. The thickness of the 
skin was determined on the basis of (4). For our calculations we 

used 1.0 m as the length of the body and 7 o/s as velocity of propulsion. 
For point A, we found that x = 0.176 » and * 1,2°10*; for point B 
the figures were « = 0.43 @ and Reg,,* 3.3°10°, and for point C x = 
0.76 @ and Re.- = 5.2°20°, As can be seen from curves / and 2, a sharp 
change in magni tude of tin the transitional region of the laminar 
boundary layer and in the region of the top and bottom critical Reynolds 
numbers may be a direc, stigulus for the receptor system of the integu- 
ment of marine animals. 


The length of the t:ansitional zone and its location along the body may 
fluctuate substantially, depending on swimming veiocity and other factors. 
We know from expei:ments with synthetic damping surfaces that the 

values of the above-mentioned Reynolds numbers may change over a wide 
range. For example, it was possible to double the value of Re), by 

meio of a damping surface [3, 17). 


Thus, the animal's reaction to 4 stimulus referable to the third factor 
should be directed toward enlargement of the transitional zone in the 
boundary layer and achievement of more even and rectilinear patterns, 

as shown by curves j and 2. The value of ty, depends on the distribution 
of skin thickness along the body and correlation between local skin 
thickness and diameter of the body. By altering these parameters sarine 
animals can active’y counteract stiguli referable to the third factor. 
But if this is not advantageous from the standpoint of energy, it is 
purposeful to shift the transitional zone to the region of the sword, 

as is the case in the swordfish, co avoid drastic or sign-changing 
gradients of tangential stress along the body. The presence of 4 more 
rigid integument in the nasal part of the body of some ewift-sewimming fish 
may be viewed as an adaptation to stimuli of the third type. 








It gust be stressed that there is a difference between the second and 
third factors, consisting of the fact that the stress on the skin will 
be of the separation type in the former case and shear type in the 
latter. 
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The fourth factor, which affeete the receptor system of the integument 

in the form of pulsations of velocity and pressure in the boundary layer, 
is notable for ite dynamic mode of stress, When considering thie fae= 
tor, it is important te bear in wind not only the magnitude, but frequency 
epectrum of pressure pulsations, F 2? illustrates the curves of 

the spectrum of force of pressure tions in different places along 

4 tigid plate, with flow-arownd velocity U. + 5 a/s, ealeulated using 

the following formula, which wae taken from [11))) 


ah) Meu" 
— Sy to) — ats — 


We see from thie figure that low 
frequencies carry the most power, 





Figure } illwetrates the regions 
of unstable fluctuations when 
there is 4 laminary boundary 
layer around the rigid and elastic= 
damping plates (3, 17), a8 compared 
to 4 region of turbulent pressure 
pulsations on 4 rigid plate. The 
extreme neutral curves |; and / are 
indicative of the presence of 
oscillations that do sot grow as 4 
function of time at the -. rate 
i 











‘ of exciting motion |}, . 
= MH see that with flow around 4 rigid 
rm ? plate there is an analogous pattern 
— Ss of eecillations in both the laminar 


Spectra of force of pressure pulsa- 
tions for rigid plate with different and turbulent boundary layers. in 


eatess of on the regions of buckling and start 
1) 0.80 2» ide ) 2.08 of fully turbulent flow there is 4 
. . . @axioun range of frequency fluctu- 
ations. The frequency range narrows down appreciably between these 
typical sones and further on, along the plates. (The force «pectra were 
calculated with consideration of 95% of the complete range of frequencies). 


The data illustrated in Pigure } are wery difficult to estimate for 4 solid 
of rotetion at the present time. Por this reason, the velocity was reduced 


(pointe A and C in Pigure 3} correspond to poince A and C in Pigure i) on 
the plate for better appromimation to 4 body of rotation. 


The opinion ic held that garine animals can sense pressure pulsations and 
deliberately alter the properties of their integument to reduce such pul- 
sations, thereby lowering friction drag. 























Thefe are fo data yet a 
sensitivity of the doiphin's 

te pressure pulsations, but it hae 
been indicated that the density 

of werve endings ise denser near 

the surface of delphinid skin 

than in wan (16). Tf we aeeume 
that the tactile sensibility 
threshold of the doiphin's skin is 
not higher than @animum sensibility 












layer 
Figure the boundary of sensibility at 
Neutral (2, 4) and extreme neutral erulsing speeds of swimming. In 
(1, 3) ewrvee for laminar boundary the transitional sone, the ampli- 


layer and foree epectra (5) of tude of pressure pulsations is 

pressure pulsations in turbulent 2=5 times greater than in a 

boundary layer with U = 5 a/e fully developed turbulent layer 
i, 2) for ridig plate (9). Sinee reception of pressure 
3, 4) for damping plate occurs only at the site of a 


pressure gradient, the alternation 
that existe in the transitional sector should be well perceived by the 
animal's skin. It hae been demonstrated (12) that the density of nerve 
end in the skin section between sections ¢ and ¢ (Figure 4) is some~ 
what then on the head and tail. Perhaps thie is related to the 
fact that expressly here 4 transitional gode of flow is established, with 
marked pressure puleations and alternation. It is also interesting [4] 
that there ic appreciable thinning of subcutaneous fatty tissue between 
sections ¢ and § (see Figure 4b), which is consistent with experimental 
studies of the distribution of cutaneous elasticity in dolphins [5] and 
indicates thet this segment of the skin is capable of interacting actively 


with flow in the boundary layer. 


indeed, While the region of transitional flow is situated between sections 
3 and ¢€ in @ @olid, thie sone is shifted in dolphins to the caudal part 
of the body back to the fiukes [propelling dewice]. Estimates have shown 
thet when ewiaming at crusing speeds 4 close to streamline [laminar] 

flow in the boundary layer should be maintained over 70-80% of the dolphin 
body surface (5, 10). 


The reaction to stimuli of the fourth type aay consist of reduction of 
power and frequency epectrum of puleations of welocity and pressure, as 
well as of gradients of ceciliation spectra, Which is also observed both 
in synthetic damping surfaces (see Figure 3}, curve ¢) and experiments 
with dolphins (8, 13], and achiewement of gore unifore distribution 
alone the body of the oscillation frequency spect rus. 


After comparing the submitted data to the structural distinctions of 
@atine animaic, it may be aseumed that the principle of high receptor 
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Figure 4. Diagram of location of cutaneous muscle (4) and patterns 
of distribution of subcutaneous fatty tissue (b) along 


dolphin's body 





sensibility of the integument of rapidiy swimming objects exists in nature 
as 4 factor of natural selection, which determine the structural patterns 
of their integument. 


Let ue @ention the general features of the factors discussed, which affect 
the receptor system of marine animale: the factore are interrelated and 
their effects are complex; they are characterized by maxiqum gradients 

of their @agnitudes in the sone of saxig@um influence; the level and sone 
of inflwenee of the factors are related to the welocity and mode of 
propulsion; the effects of the factors are related to the velocity and mode 
of propulsion; the effect of the factore is essentially integral, zonal, 
but it @ay be combined with 4 dynamic local influence. 


We have discussed the hydrodynamic distinctions of flow of liquid near a4 
rigid solid of rotation similar in shape to the body of 4 dolphin. As a4 
result of lengthy evolution, asarine animale developed adaptations under 
the influence of the above-mentioned factors, which enable them to 
successfully counteract exogenous stimuli. Por this reason, under actual 
conditions, when moving at « high speed the characteristics of flow 
along the elastic-damping surface of aarine animals will differ from 
analogous ones in the case of flow around 4 rigid body, and this has ai- 
ready been experimentally confirmed in part. in analyzing interact ion 
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between flew and the integument of @afine animale, it is alee important te 
take inte consideration the physical distinetions of structure of flew of 
liquid im the region of transition from streamline to turbulent boundary 
layer along the elastic=danping boundary. 
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CORRELATION OF HYDRODYNAMIC PUNCTIONS OF CYCLOID AND CTBENOID 
SCALES IN FISH 


na ZOOLOGICHESKIY ZHURNAL in Russian No 6, 1970 pp 869- 


Article by V.D. Burdak, Inetitute of Biology of the Southern 
as, Ukrainian SSR Academy of Science, Sevastopol’ | 


[Text] Investigations have shown the regressive development 
of the ctenoid 7 aratus in the ontogenesis of the gray mullet 
(sil cephalus given a Reynold's number of Re>d 5.0°10°, 

is value is related to a decrease and elimination of laminar 
function which is part of ctenoid apparatus activity. Analysis 
of the hydrodynamic function of the cycloid and ctenoid scales 
shows that the existence of these type of scales can be viewed 
as se tal changes in stages of adaptation to a decrease in 
hydrodynamic resistance. 







One of the significant aspects of adaptation of fish to a de- 
crease in hydrodynamic resistance has been the development of 
a specialized function of their skin covering which guarantees 
the regulation of the boundary pareve Waiters, 1962; Aleyev 
1963; kudryashov and Barsukov, 1967, 1967a; Burdak, 1968, 1969, 
19694). One of the adaptations of this type is the existence 
of the ctenoid eres in fish, We recently evaluated in 
reater detail the hydrodynamic function of this structure 
Burdak, 1968, 1969, 19694). The results of these studies 
indicate that the ctenoid apparatus is an effective means of 
regulating the boundary ** and, given a specific Reynold's 
number, act* a8 4 lamina which decreases the degree of turbu- 
lance in the boundary layers. 


These theoretical premises pcint to the fact that with an 
increase in the Reynold's nur ver, the ctenoid 3 ratus must 
lose its hydrodynamic significance (Burdak, 1968). Purther 
investigation indicages that, given a Reynold's number of 
approximately 3.5-10°, during the ontogenesis of the large 

















gray mullet, in particular the striped mullet (Mugil cephalus 
L.), the ctenoid apparatus actually begins to develop regressive: 
ly. Nowever, in the striped mullet when the length of the fish 

is a proximately 70 cm which corresponds to a Reynold's number 
of about 5,0-10°, this regressive development completes the 
destruction of the ctenoids, Thus, adaptation related to a 
defined course in the boundary layer is determined by the size 
of the Reynold's number, 


This process of ctenoid destruction proceeds in two directions, 
First of all, @ gradual falling away of ctenoids throughout 
the detached area of scales occurs which leads to thinning of 
the linear web and degradation of its functional ability, 
Secondly, the character of the whole batch of new ctenoids is 
changed with each new formation of scale layers. In the period 
of progressive development of the ctenoid apparatus, the ctenoids 
are arranged in borders in strictiy defined positions and have 
more or less the same form and dimensions, These scales are 
distributed in the detached area of the scales in correctly 
alternating order according to their hydrodynamic function 
(see figure 1). In a period of destruction of the ctenoid 

~ ete ee the distribution of the ctenoids becomes more dis- 
ordered and their form and dimensions more varied. Along with 
correctly arranged ctenoids deformed scales, curved ones 
without ridges and scales with rounded peaks etc. appear more 
frequently loos figure 2). Furthermore, separate cycloid sec- 
tions on the border areas appear, ctenoids become more rare 
and finally, practically no ctenoids appeer in each sequence 
of scale layers~--the scales become cycloid daily. Purthermore, 
the scales remain only weakly dnuous, not at all like the 
ctenoids (see figure 35). 


Thus, in ontogenesis a number of obvious stages of development 
of the skin layers can be differentiated: 1) scaleless, 2) pri- 
matycycloid, 3) ctenoid, 4) secondary cycloid. 


in the gray mullet, the first stage (scaleless) begins at the 
moment of hatching from roe ani ends when the fish grows to 
a tongy* of approximately 1 cm and has a Reynoid’s number of 
2.0-10°. This stage conforms to a state of plankton larvae 
and the earliest young fish. 


The second (primary cycloid)stage is prolonged until the moment 
when the surface area of the ,» covered with ctenoid scales 

begins to exceed the surface area covered with cycloid scales. 

In gray mullet this occurs when it reaches a length of approxi- 
mately 5.0 cm and has a Reynold's number of approximately 105, 

From the functional stand point this stage corresponds to 

















swimming in subs ritical courses of direction where the threat 
of turbulization of the boundary layer has not occurred, 


The third (ctenoid) stage lasts until a large part of the body 
surface remains covered with ctenoid scales, ee | up watil 
the fish obtains its full length of about 70cm which corres- 
ponds to a Reynold's number of about §.0.10°, Punct ional ly 

this stage reaches that Reynold's number when it is possi le 

to effectively diminish turbulence with the help of the ctenoid 
apparatus; that is, when adaptation is still based on a decrease 
in the degree of turbulence of the boundary layer. 


The fourth (secondar eyetete) Stage begins at the time when 

a large portion of the body surface again appears to be covered 
with cycloid scales, This stage continues until the end of onto- 
genesis, This stage corresponds to a state when the ctenoid 
apparatus can not effectively reduce the d@gree of turbulence. 

in these conditions, other adaptive measures directed at de- 
creasing resistance activate, 


Our analysis of the hydrodynamic function of ctenoid scales 
(Burdak,1968, 1969, 19694), together with other studies suggest 
certain general aspects of the gy of Bor ee 
function of cycloid and ctenoid scales in fish. Viewed as a 
whule, cycloid and ctenoid scales represent two stages of 
development of one and the same type of adaptation. In both 

sey bey eee tes and in onto sis, the scales are altered in 
relationship to changes in the directional course. In turn, 

the Reynold's number is alterec. In relation to these facts, 
cycloid and ctenoid scales should be considered not as indivi- 
dual types such as * cosmoid ud ganoid types, but as 
subtypes of elasmoid scales (L. Bertin, 1944, 1958). He defined 
the elasmoid type of scale on the basis of the exact morphologic 
moment. Bertin's classification and our studies showed the func- 
tional nature of cycloid and ctenoid scales. 











moid, 
’ 


Four basic types of scales can be identified: placoid 
anoid and eclasmoid. This classification, to a large deg 
efines the morphologic and functional specifications o 
different types of scales. 
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SCALE TYPES AS STAGES IN THE HISTORICAL DEVELOPMENT OF THE HYDRODYNAMIC 
FUNCTION OF FISH SKIN 


Moscow ZOOLOGICHESKITY ZHURNAL in Russian No 8, 1973 pp 1208-1213 


[Article by V. D. Burdek of the institute for the Biology of the Southern 
Seas under the Ukrainian Academy of Sciences, Sevastopol’: “Scale Types 


as Stages in the Historical Deve,sopment of the Hydrodynamic Function of 
Fish Skin”) 





(Text ] On the basis of original data, an examination has 

been made of the hydrodynamic function of the placoid, 

cosmoid, ganoid and elasmoid scales of fishes. Various 

types of scales have been examined as stages in the develop- 

ment of the hydrodynamic function of the skin in nectonic 

fish-like forme and fishes. It is shown that the protective | 
function of the skin ossification in phylogenesis has been | 
replaced by the hydrodynamic function which consists in re- 

ducing the degree of turbulent pulsations in the boundary 

layer. 


The adaptation of fish-like forms and fish to a nectonic way of life has 
presupposed as a whole the progressive development of ail adaptations re- 
lated to active forward motion. One of the aspects of this process has 
been the regular change of the skins in the various taxonomic groups of 
fish-like forms and fishes, and aimed at strengthening and complicating 
the hydrodynamic function of the skin. Individual types of scales such 

as placoid, cosmoid, ganoid and elasmoid, in this sense represent definite 
stages in the development of one or another adaptation, and this is examin- 
ed below. 


The basic trend in the evolutionary development of skins of nectonic fish- 
like forms and fishes consists in 4 gradual weakening of the protective 
function of vhese sk‘ns vith a siaultaneous strengthening of their hydro- 
dynamic function. From the heavy massive armor of the nectobenthic Ag- 
natha ("helodonti, Heterostraci, Osteostraci and others) and the primitive 
nectobenthic fishes (Antiarchi and others) in which the ossification of the 
skin undoubtedly played exclusively or almost exclusively a protective func- 
tion, evolution led to the nectonic Actinopterygii with a delicate elasmoid 
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seale having only a hydrodynamic function and being virtually compietely de- 
void of a protective function. As was already noted previously (Kudryashov 
and Bareukov, 1967), in essence there are no conclusive arguments in favor 
of the existence of a protective function in the cycloid and ctenoid seale. 


The material for carrying out the given work was the scales of various 
fishes collected by the author at different times in the Black Sea and in 
the inland waters of the USSR. The placoid scale was examined from the ex- 
ample of the Black Sea shark Squalue aoanthiae L. with the use of data in 
the Literature (Bigelow and Gehroeder, 1948), and for other shark species. 
Ro cease Bvale was studied in Neoceratodue forstert (Krefft), Protopterue 
aethioptowe Heckel and ren paradowa Fits; the ganoid scale in Polyp- 
terue senegalensiea Cuv., Goffr., Calamotchthye calabaricue Smith 
and Lepteoceteus caseus (b.) All the materials on Neoceratodus, Protopterw, 

» Polypterue, Calamoichthye and Lepisoceteue were obtained at the 
Zoological iuseun of Moscow University with the assistance of A. A. Sveto- 
vidova and at the Zoological Institute of the USSR Academy of Sciences with 
the aid of V. V. Barsukov. To them the author would like to use this occa- 
sion to express his gratitude. The materials on the elasmoid scale vere 
— — in previously published vorke by the author (Burdak, 1968, 1969, 

» 1969, 1970, 1972). 


The first indisputable evidence of the presence of a hydrodynamic function 
in the scales is found in the earliest known fish-like forms, the Thelo- 
jonti, the placoid scale of which had longitudinal ridges (Obruchev, 1964) 
which inevitably carried out, according to their structure, the functions 
of laminarizer clements (Burdak, 1968). It is interesting that the ridged 
scales belonging to *he representatives of the Thelodonti and dating back 
to the Ordovician from the surroundings of Leningrad are the oldest remains 
of vertebrates which are presentiy known. 


Longitudinal piication is found on the armor of many nectobenthic Agnatha 
(Heterostraci, Osteostraci) and primitive nectobenthic fishes (Antiarchi ) 
(Obruchev, 19648). These plicas, judging from their morphology, also ful- 
filled a function of laminarizer elements, contributing to the more ordered 
longitudinal direction of the passing flow. 


Obviously, both the primitive placoid scale of the type observed in the 
Thelodonti as well ac the reliefs on the armor and individual tesserae of 
the nectobenthic Agnatha and primitive fishes could carry out only a very 
Limited hydrodynamic function. This is seen from the morphology of aii 
these formations (Obruchev, 1964, 19648) and, above all, from their slight 
relief in comparison with that of the developed biohydrodynamic elements 

in the relief of the scales of fast eunectonic fishes (Burdak, 1968, 1972 
and so forth). Cuch a situation conforms to the relatively low mobility of 
the designated Agnatha and primitive nectobenthic fishes. As the reliefs 
found on them on the various skin ossifications represent still to a sig- 
nificant degree the simple result of definite growth patterns of these for- 
mations (for example, the concentric reliefs on the tesserae and armor), 
and, possibly, have not so much a hydrodynamic as 4 cryptic function the 
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presence of which is obvious, in particular, for the surface reliefs of the 
armors in all the nectobenthic Heterostraci, Osteostraci and Antiarchi. At 
the same time certain facts unambiguously point to the fact that such re- 
Liefs on the onsifications of a dermoskeleton in the designated animals at 
least in certain instances clearly had 4 hydrodynamic importance as well. 
Thus, for example in the Thelodont! on the head the scales are smooth, but 
toward the tail they become elongate!’ and pointed and have small ridges 
(Obruchev, 1964). The presence of ridges on a scale which covers the dif- 
fusor area of the body points to the performing of the functions of a dif- 
fusor grid by these ridges, as is observed in many modern fishes in which 
the elements of the laminarizer are distributed completely identically on 
the body surface (Burdak, 1968 and so forth). 


The gradual strengthening of the hydrodynamic function on the surface re- 
liefs of the skin ossifications, in comparison with the designated reliefs 
on the scale and armor of Agnatha and Placodermi, can be seen in the ex- 
amples of the cosmoid and ganoid scales as well as the placoid scales with 
the more developed longitudinal relief on the surface of the crown. 


The cosmoid and ganoid scales still fully maintain their protective signifi- 
cance. This can be seen primarily from the great thickness and strength of 
this type of scale, as well as their extremely firm attachment to the body 
of the fish and which the author was able to convince himself of in removing 
scales from Neoceratodus, Protopterue, Lepidosiren, Polypterue, Calanoich- 
thye and Lepteceteuse. In the case of the cosmoid scale, the strength of 
attachment to a significant degree is explained by the large area of its 
foot by which it concresces with the connective tissue elements of the skin, 
and in comparison with the afea of the free scale surface which is the point 
of applying external forces endeavoring to move the scale. The classic ex- 
ample in this regard is, for example, the scale of Neoceratodue in which 

the area of the exposed part of the scale is just 16 percent of the total 
scale area, while for example in Clupea harengue harengue L., this is 37 per- 
cent. The great strength of the armor plating formed by the cosmoid scale 
is also explained by the close spacing of the scales on one another. Thus, 
in the Neoceratodue and Protopterus which were examined by us, due to this 

a protective layer is formed which at each point of the body consists of 
four-five scale layers. 





Ir 5’ pterue, Calanoichthye and Lepisosteus, the scales are placed in 
« caight diagonal rovs, forming a sort of solid armor consisting of oblique, 
flexibly connected rings. 


The hydrodynamic function of the cosmoid and ganoid scale can be expressed 
to a varying deeree depending upon the morphological features of the scale. 
In the instance when the scale surface is smooth, for example, in Polypter- 
“@, Calamoichthye and Lepteosteuse, the hydrodynamic function of the scala- 
tion is limited to providing a certain smoothness of the body surface. But 
in those instances when the exposed surface of the scale has a definite re- 
lief, the scale fulfills a more complicated hydrodynamic function consist- 
ing, in addition, in the active control of the boundary layer. 


34 








Thus, the relief of longitudinal ridges on a cosmoid seale of Latimeria 
(Millot et Anthony, 1958) and in many extinct Sarcopterygii (Vorob'yeva and 
Obruchev, 1964) obviously was formed as a special adaptation reducing the 
turbulent pulsations in the boundary layer, that is, performing the func- 
tion of a complex of ctenoid-like structures and drain troughs on the elas- 
moid seale of Actinopterygii (Burdak, 1972). An analogous hydrodynamic 
function is also indisputable in the relief of the longitudinal ridges on 
the ganoid scale of Palaeonisci. The morpho ogy of this relief (Berg, et 
al, 1964) as a whole is also close to the morphology of the ctenoid com- 
plex of the elasmoid scale (Burdak, 1972). 


Among the fishes examined by us with a cosmoid scale, a special relief 
which performs a hydrodynamic function is found on the scale of Neocerato- 
due, and this corresponds to its more mobile way of life in comparison 
with Protopterue and Leptdostren. 


On the cosmoid scale of Protopterue, the surface relief is represented by 
uniform conical spines which cover the entire covered portion of the scale. 
This relief clearly does not have hydrodynamic importance and possibly is 
related to providing a certain physicochemical condition for the skin when 
the fish is in a cocoon in a state of hybernation. The loose contact of the 
scales caused by the presence of small teeth on their upper surfaces can 
help to maintain a layer of mucous between the scales, and this can be of 
important significance for stabilizing the water exchange of the organism. 
The exposed portion of the Protopterue scale is covered with a thick epithe- 
lium and is devoid of any regular relief which would perform a hydrodynamic 
function. 


The cosmoid scale of Lepidosiren is completely devoid of a hydrodynamic 
function, as the scale is sma)l and completely concealed in the skin. 


In Neoceratodue on the exposed portion of the scale there is a well expres- 
sed longitudinal relief of relatively large and tall blunted ridges and 
alveolae in the middle of the scale and a finer relief of longitudinal 
furrows closer to the edge. This relief, judging from its depth and even 
longitudinal direction, clearly performs a hydrodynamic function, repre- 
senting a developed complex of drain troughs contributing to the dividing 
of the boundary layer into individual jets. 


The placoid scale with a more developed corona having longitudinal crests 
is predominantly, if not exclusively, an adaptation for controlling the 
boundary layer and aimed at reducing the turbulent pulsations in it. In 
this regard, the separating and broadening of the corona of the placoid 
scale must be viewed as the progressive development of its hydrodynamic 
function, since an increase in the number of longitudinal keels on the 
corona is a method for increasing the frequency of the laminarizer elements, 
and corresponds to more rapid motion. The relief formed on the fish body 
eurface by the aggregate of developed placoid scales looks like a solid 
field of longitudinally oriented keels and which best contribute to the 
maintaining of the longitudinal flow in the boundary layer. 
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In individual groups of sharks, the degree of development in the corona of 
the placoid scale ae 4 whole is related by a direet dependence with the mo- 
bility of the individual species. In slow-swimming forms we usually see 
the corona in the form of one bent=back conical placoid seale (Sehtnorhinue, 
Cetorhinua, —~—, - and others), or a slightly broadened corona with 
one longitudinal crest (Peeudotriakie, Triakte, Sormioaue). In the more 
mobile benthonectonic and eunectonic species, one observes a broadening of 
the corona usually accompanied by the greater development and increase in 
the number of crests on it (Muetelue, Squalue, Prionace and others). The 
greatest width of the corona and the largest number of crests found on it 
are characteristic for the placoid seale of the large, fast-svimming eunec- 
tonic sharks (Carcharhimue, Sphyrna and others), in which the number of 
crests on the corona can reach up to five-six. 


The greatest development of the hydrodynamic function of scalation is ob- 
served in the case of the placoid scale with the most developed corona such 
as in Sphyrna, Carcharhinue and other similar sharks, and in the case of 
the elasmoid scale of Actinopterygii (Burdak, 1972). In both these cases, 
the seale is virtually completely devoid of a protective function, and per- 
forms exclusively a hydrodynamic function, in reducing frictional drag. 
Consequently, the concluding step in the development of the hydrodynamic 
function of a scale in the group Chondrichthyes was the appearance of a 
placoid scale with a well differentiated corona having distinct longitudinal 
ridges, and in the group Osteichthyes, the appearance of a delicate elasmoid 
(that is, cycloid or ctenoid) scale which performed different hydrodynamic 
functions. 





Thus, the evolution of the nectonic fish-like forms and fishes ultimately 
led to the complete elimination of the protective function of the scale and 
to the maximum development of its hydrodynamic function. The most perfect 
nectonic forms of fishes both in the group Chondrichthyes and in the group 
Osteichthyes are characterized by the maximum development of the hydro- 
dynamic function of scalation and by the complete loss of its protective 
function. This corresponds to the general trend in the historical develop- 
ment of fisher as nectonic vertebrates. 


Thus, in analyzing the development of scalation in the phylogenesis of fish- 
es, we are convinced that the various types of scales in fish-like forms 


and fishes correspond to various stages in the adaptation of these animals 
to a nectonic way of iife. 
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CLASSIFICATION OF EQUIPMENT FOR CULTURING MICROORGANISMS 


Moscow ZHURNAL MIKROBIOLOGII1, EPIDEMIOLOGII | LMMUNORTOLOCLI in Russian 
No 6, 1980 pp 44-47 


|Article by L. 4S. Zaporoghteev, Sh. 0. Areumanyan and V. N. Serov, Moscow 
Scientific Research Inetitute of Vaccines and Sera imeni Mechnikov, 
submitted 23 Apr 79) 





[Text] in recent times, equipment for culturing microorganiems, out- 
fitted with instruments for measurements, recording and automatic 
regulation of the main technological parameters of the culturing process, 
has found application in both research and induetry. As 4 rule such 
equipment consists .{ two main parte! apparatus ["cultivator"] equipped 
with devices to stir media and quench foam, systeme for aeration and 
heat stabilization of media, etc., and 4 measuring unit connected to it, 
in which are concentrated sonitoring and measuring instruments. 


We have made an attempt here to classify the series produced 

equipment for cultivation of microorganiems, on the basis of availabie 
literature sources, and this could be of practical value in the follow- 

ing instances: selection of strategy and tactics of scientifi. -esearch; 
planning industrial production of biomass with consideration of producti- 
vity, quality and homogeneity of product; for development of technological | 
systems of industrial production of biomedical or other products, based 

on cultivation of sicroorganiems; development and design of new models of 


such equipment. 


Such equipment can be divided into four groups (see Table) according to 
instruments furnished and degree of automation of the technological pro- 
cess in equipment presently in series production. 


The firet group refers to installations that are simple in design and 
operation [1-4], outfitted only with systems of heat stabilization, sixing 
and eeration of the @ediue. Thus, the Poliferm aodel 1607 hase an 
apparatus consisting of a glass jar and acid-resistant steel lid attached to 
the jar with 4 neoprene liner and clamps. The jar is equipped with a 
magnetic gixer and removable blades. There are openings in the lid for 








air to pase in and out, to introduce the culture, and two openings for 
sensors, The magnetic @iner rotation rate can be set at 100 te 2000 &/min 
with accuracy of 6%, The temperature is regulated by means of 4 therme- 
static tray to whieh the jar ie attached, and the range is 20 to 60°C with 
accuracy te “°C, provided that the working temperature is higher than 
the ambient temperature by 7°C of more, The @edium ie aerated by means 
of a diaphragm pump with an output of up to 90 Yh. The model is 

compact and inexpensive; it is used, in particular, in the teaching 
process, 


in equipment referable to the second group (6), the main technological 
parameters of the cultivation process are weasured and recorded. Model 
Mi-N is a typical example thereof; it consists of 5 and 7<& containers 
made of cylindrical superhard glase with a lid of stainless steel. There 
are openings in the lid for air to passe in and out, to introduce cultures, 
collect samples, thermometer and thermal resistance (thermistor), elec- 
trodes for measurement of pli and pO». There is 4 top drive on the mixer 
shaft and it is equipped with two blades, as well ae 4 foam-quenching 
blade. Mixing rate can be set at 200 to 800 r/min. The syetem for 
regulating temperature (in the range of 5 to 50°C with precision of 0, 5°C) 
includes 4 pump to circulate water and an electric heater. Air delivery 
for aeration is measured with 4 rotameter with a needle valve, and it 
constitutes 0.5<-5 L/min. The control console has 4 }-point automatic 
recorder to record temperature, pl and pO». 


The third group of equipment (5, 6] is characterized by the fact that 
during ite operation the main technological parameters are measured, re- 
corded and automatically regulated. This type of installation includes 
ANKUM-2@ and Ultroferm @odel 1601. 


The Soviet installation, ANKUM-2e [5], is manufactured upon individual 
orders, and it is designed for continuous controlled cultivation of 
nonpathogenic aerobic gicroorganiems. Continuous cultivation can be 
conducted in chemostatic and turbidistatic modes, implemented by 4 system 
of automatic control of the rate of delivery of nutrient medium and 
possibility of altering its composition. The installation is constructed 
on the basie of the eodular unit principle, so that instruments can be 
added to it as 4 microbiological experiment becomes more complex, and 
there is interchangeability of unite without disrupting the vperating 
modes. The apparatus has 4 capacity of 3} or 10 &. The passage of air 
through it ie regulated in the range of 0.1 to 10 i/min. The rate of 
rotation of the mixer is regulated in the range of 200-1500 r/min. Tempe- 
rature is geasured and adjusted in the range of 20-60°C with an accuracy 
of 20.5°C. The range of geasurement of pl is from 0 to 10, fh from -200 
to 800 aV, pO, from 0 to 300% saturation and optical density from 0 to 
2.2 white. There is automatic regulation of pl, pO», and optical density 
over gost of the range of geasurements. There are six channele for 
dispensing components of nutrient medium into the apparatus. fhe volume 
of components of the nutrient sedium is regulated in the range of 0.06- 
2.5 i/h. This apparatus has 4 i2-point automatic recorder. 

















erTyeacTs 
= onoy — -- cacy = - OND eT) 
— — -- -- éeway> purl 
~298 2745 
-- 2 2S0T§ -- — se8uts [a Unelg 
— boa — — —B—— oud 
— a — — Uoy 28 30emI04 
xa oa 200 13 
=» — — a22 }0Meq) a29 }0meq) 
— ——— — O91 Brez4TO¢ er! vepans 
4 1Sh 
id n- Lh 
D-1Sh 0s -ah 
OK 1S Dd .- 4a sTi-@ — Tus ana ueder 2 
= — ool-t? ST 235A St325A 
— -- -- eurl QF eeTl a7 
u22j029F) 
6% 
4. ure rue, no] O18 spun — 
SOs 2euses | |e >emseg @39j3022TK uasy321™%qK neon peztun 
Supye_ 2weunsseul TeoTBoTOTE 3° 991330 uB{seaq 
— 7-0 — — je238e) B5S0 
— — — —— pepiores uni peu * 
ee swi⸗ꝛ 7— pEPsoOIe2 * pesne pur pelinseou jo voy e208 pur SuyxTS a 
aq) [022802 0) “8 a2" Sze emFIed ea S20} emRled VOTIFSITIGSIS 2eey jo a — 
— — eyes e rroon ⸗vu ⸗· ¶·y sis yatn paddrnbe 
| «a _*. L 

















The Ultrofers model 160) has a container 2 to 12 & in volume, made of heat~ 
fesistant glass, The @onitering system includes unite to cheek the 

speed of sixing, temperature, pli and Bh of dissolved », foam quenching, 
aeration, delivery of futrient @edium, analog and digital display and 
scammer, that show the parameters in the course of the technological pro= 
cess. The fate of rotation of the @ixer can be adjusted in the range of 
10-1500 f/ain with accuracy of 01.5%, There is a tic drive for the 
shafte of the @imer and mechanical foam quencher, foam suppressor 
shaft rotation rate is 1350 r/min, Tt is alee possible to suppress foan 
chemically in accordance with a set program. The temperature is regu- 
lated in the range of 4-69,.9°C with accuracy of @.1°C by meane of a 
400-W heating clement installed in the bottom part of the apparatus. 

The unit for control of pi and Bh automatically aaintaine the pli with 
accuracy of 0.1 in the & of 2 te 10, and with acouracy of 20 a in the 
range of -990 to 990 a, required pl, like the other parameters, is 
set by 4 combination of digits. When the pli deviates from the set value 

& pump is automatically turned on thet delivers acid or alkali, The 
apparatus can be sterilized with steam without being disassembled, since 
pl and pO, are measured with autoclaved electrodes. Maximum output of 

ge for aeration constitutes 15 i/ain. The system of continuous cultiva- 
tion includes a unit for graduated delivery of nutrient medium, which has 
— peristaltic pump with two channels, and the saximum productivity of each 
of thee is 2990 af/h, 





The fourth group refers to apparatus, in which computers are used to con- 
trol the technological process (6), for example, the fermentation 
apparatus called Fermatron-}, which is intended for aerobic cultivation 
of microorganiems in industry or large ecientific research laboratories. 
it consists of a container 75 to 500 £ in size, measuring complex and 
computer. There are containers with qutrient sedium, acid-base and anti- 
foam additives in the bottom part of the front panel of the measuring 
wpit. Meaxigue pressure in the apparatus is 3.4 ate. The rate of gixing 
is regulated in the range of 30-500 r/ein. The shaft of the three- 
turbine sixer has a double seal made of tungsten carbide. The required 
temperature, in the range of 5 to 60°C, is maintained by means of two 
refrigerators and steam converter, which also serves a8 4 sterilizer. 
The sterilization system provides for automatic sterilization of the 
apparatus, containers with reagents, ‘ilters and tubing. The aeration 
syetem can deliver up to 560 i/min air into the apparatus or, when 


necessary, nitrogen or oxygen. Such parameters as pli, Hh and pO, are 
measured, recorded and regulated automatically. Analysis is made of 


composition of discharged gases with 4 paramagnetic oxygen analyzer 

and infrared carbon dioxide analyzer. The device can be equipped with 

a chemical analy@er to determine the concentration of carbohydrates, total 
nitrogen content of filtered fiuid, chlorine and phosphate content, and 
optical density of the aedium. The values of the measured parameters of 
the technological process are displayed on 4 numerical panel by seane of 
an automatic printer. An ROR-11/20 computer, which is connected to the 
measuring unit, processes inputted information and controls the ongoing 
cultivation process. 


41 











Cone lusione 


1, The series produced installations for culturing @icroorganiems can be 
divided into four groups, whieh differ in number of inetruments and degree 
of automation of the technological process, 


2. The fourth group of apparatus, in which computers are used to control 
the process, is the most refined technically and technologically. 
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(Text) The part played by management of science in raising the effectiveness of 
Scientific research is growing an especially great deal in the modern scientific- 
technical revolution. Science and scientific activity have only recently started 


to be viewed a8 objects of organization and management. 


The CPSU Central Committee and UBGR Council of Ministers decree “On Improving Planning 
and Strengthening the Influence of the Boonomic 
Efficiency and Work Quality” (1979) notes the need 
attaining the most important goals, and 
miiy short time. This means 
tion of scientific research and 
scientific work. These 


















amounts of scientific research, but 
fic potential already available, by 
bie for organization and management of 


Despite the obvious significant complexity of managing scientific activity, this 
problem requires the most persistent attention and research today. In this connec- 
tion it would be important to determine the most 
@edicine, ones that would permit preferential development of an entire complex of 
research aimed at acquiring important results required on priority. 


| 
i 
. 


Legal protection of scientific dis- 
coveries, was introduced for the first time in history in our country, is an 

ever-increasing role of science in the 
life of the society. According to the “Statute on Discoveries, Inventions, and 
efficiency Proposals” approved by a USSR Council of Ministers decree (1973), 
establishment of formerly wknown, objectively existing laws, properties, and 
phenomena of the material world producing fundamental changes in our knowledge is 4 
discovery. It is obvious from this definition that the objects of discoveries may 


4) 











include laws, properties, and phenomena, the euthenticity of whieh, proven theo- 
retioaily Of experimentally, Should not faise doubts, A fundamental change is 
produced by 4 discovery in our level of knowledge (this is 4 measure of how funda- 
mental the research is) if: 1) @ new braneh of knowledge arises; 2) 4 complex 
Scientific eugnitive problem is solved; 3) inventions are ereated on the basis of 
@ discovery; 4) authoritative experts recognise it to be a discovery net only in 
this country but also abroad, 





The resulte of many such projects can bring fame to domestic medical science and 
faise ite authority at the international level. Therefore active implementation of 
the “Treaty on International Registration of Scientific Discoveries", adopted on the 
UBeR's initiative at 4 dimplomatic conference on scientific discoveries in Geneva in 
1976 (the World Organization of Intellectual Ownership), is an important stimulus 
of scientific research (1). 





Quite naturally, in addition to improving the system for managing and coordinating 
scientific research, we can raise the effectiveness of medical science by performing 
the research at a modern methodological and technical level and by utilizing the 
results of other branches of knowledge. Preferential development of fundamental 
directions (to include in medicine and biology) promoting arisal of new scientific 
discoveries and creation of highly effective inventions also has an important role (3). 





However, fundamental research in biomedical sciences hes its own unique features, 
and it utilizes the achievements of general and molecular biology, chemistry, physics, 
mathematics, cybernetics, and other subdivisions of science with the purpose of solving 
problems associated with the prevention, diagnosis, and treatment of various diseases. 


Much attention has always been devoted to scientific research on medical theory and 
practice in our country. Goviet medical scientists are making their contribution to 
develupment of domestic science. The achievements of the medical academies of 
sciences are acquiring increasingly more important significance to solving the social 
problems associated with Goviet public health. The successes of medical science have 
made significant improvement of public health, reduction of morbidity, a decrease in 
overall mortality, and growth in the human life span possibile. 


The USSR Academy of Medical Sciences unites the largest scientific institutions, ones 
promoting preferential development of fundamental research anc responsible for 
shaping scientific policy in medicine. This is precisely why the academy should 
orient the scientific collective toward higher levels of research, such that the 
novelty and significance of this research would lead to priority developments. 

Radical solution of many pressing problems in medicine would not be possible today 
without deep, intensive research in molecular biology and genetics, biochemistry and 
immunology, general pathology and physiology, pharmacology, and other important funda- 
mental subdivisions of modern medical science. 


The development of mdical theory is approaching a period in which we can realisti- 
cally begin searching for ways to synthesize living matter, decoding the processes 
responsible for organ and tissue differentiation, planning heredity, revealing the 
nature of malignant growth, clarifying the fine points of the structure and function 
of viruses, the mechanisms of circulation and transcapillary exchange in their dis- 
orders, and the basic laws governing the work of the brain, and so on. 
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Buceessful solution of the important problems of modern medicine would obviously be 
impossible without deep and broad biomedical scientific explorations. One of the 
main factors responsible for accelerating development and use of progressive scienti- 
fic achievements in medicine is sensible organisation, planning, and prompt revela- 
tion of priority studies being conducted in the academy's scientific institutions 

at the level of discoveries and inventions, Research of thie caliber must become 

the principal content of the work being done by scientific research institutes of 
the UBGR Academy of Medical Sciences. Developing priority research in the academy's 
Scientific centers, we must base ourselves on the idea that this activity should 
become an inseparable component of scientific research (2). 


However, the number of discoveries being made by scientific research institutions 

of the UBGR Academy of Medicial Sciences does notyet fully satiefy the volume and 
significance of the fundamental research being conducted by these organizations. 

The level of scientific developments and the materiale submitted in claims for 
discoveries by scientific research institutions of the UBBR Academy of Medical 
Sciences is still low, since not more than a tenth of the material accepted for 
examination receives a positive response from state scientific-technical expert 
examination organs. The problem of raising the effectiveness of scientific research 
in medicine continues to be acute, requiring implementation of a number of organiza~ 
tional, scientific, and practical measures, as well as critical analysis of the 
status of this work (4). In this connection there would be great practical signifi- 
cance to evaluating research terminating in scientific discoveries, since this would 
provide a means for determining the effectiveness of the activities of the scienti- 
fic institutions, and of the results that earn universally high appraisals from 
state expert examination organs. 


In the more than 20 years that the system of state expert examination and registra- 
tion of discoveries has existed in the USSR 
Discoveries, 28 scientific achievements have 
medicine. Of the total number of discoveries in the scovery 
(203), 13.8 percent are in the medical area, and half of them are credited 
scientists of the USGR Academy of Medical Sciences (Table 1). 


Scientific research organizations of the UBSR Academy of Medical Sciences are 
oredited with 10 discoveries (35.7 percent), those subordinated to the wiion re- 
public are credited with 6 (21.4 percent), and those of the USSR Ministry of Public 
Health are credited with 3} (10.7 percent). Collaboration by research centers of 
the UBGR Academy of Medical Sciences with other scientific institu.ions led to 
another three discoveries (10.7 percent), and six (21.4 percent) were produced by 
nonmedical organizations (USSR Academy of Sciences, USSR Ministry of Higher and 
Secondary Specialized Education). Thus the activities of scientific organizations 
of the USSR Academy of Medical Sciences led to 13 discoveries (including ones pro- 
duced jointly with other institutions). 


Comparative analysis of the activities of different groups of scientific research 
institutions leading to scientific achievements credited as being discoveries would 
show that organizations of the USSR Academy of Medical Sciences are the most 
effective (active); while they make up just a tenth of the scientific organizations 
working on medical problems in the country, they are credited with the largest 
number of discoveries in medicine (about haif). 
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Tabice 2. Dietfibution of Reeorded Discoveries Among Scientific Inetitutions of 
the UBS" Academy of Medical Seliences 
































J 
with 
Name of Seientific institution, Location, inde= 
we and Year rounded pendent ee vetal 
tions a 
i |institute of Experimental Medicine (Leningrad,| 3 i | « 
4890) 
2 Tnstitute of Virology im, BD fT, Ivanovekiy 1 — 3 
(Meecow, 1944) 
3 \Geelegieal Beientifie Center (Mescow, 1951) == 2 ? 
4 ‘tnetitute of Rpidemiciogy and Microbiology == 2 2 
is. 8. FP. Gamleya (Moscow, 1947) 
5 |jinetitute of Obstetrics and Gynecology == i i 
(Leningrad, 1797) 
6 All-Union Belentific Center for Cardiology i * i 
| (Mescow, 1945) 
7 (institute of Biclegical and Medical i == i 
Chemistry (Moscow, 1944) 
6 \tnstitute of New Antibiotics (Mecow, 1953) -- i i 
® |tInstitute of General Pathology and = i i 
Pathological Physiology (Moscow, 1954) 
10) «| Institute of Medical Radiclogy (Gbninet, i -- i 
1958) 
Total ® J 13(17)* 








* The difference of 4 is due to simultaneous joint participation by several 
institutions in particular discoveries. 














feta deseribing actual participation of tie coiieetives of scientific research 
institutions belonging to the UBSH Academy © Medical Belenees in research leading 
to discoveries are interesting (Table 2). We can see from Table 2 that among the 
academy's scientific research organisations, the country's oldest seientific 
medical institution=-the UBBR Academy of Medical Sciences Institute of Buperimental 
Medicine (Leningrad), the collective of which is ered ted with four discoveries. - 
has been exhibiting especially fruitful scientific activity; projects completed 
here at the level of diseoveries are revealed promptiy. Three scientific discoveries 
were Made in the Institute of Virology imeni D. I. Ivanevekiy, 411 of them the 
result of the efforts of just this institute's scientists. Scientists of the 
Qneological Beientific Center and the institute of Rpidemiology and Microbiology 
imeni N. PF. Gamaleya are credited with two discoveries each. 


We oan see from Table 2 that more than half of the discoveries (8 out of 13) made 
by scientific research institutions of the UBSh Academy of Medical Sciences were 

the result of joint work with other organizations of the medical academy. Analys#ing 
the distribution of the number of discoveries recorded per year in a 20-year period 
(see Table 1), we can conclude that the discoveries have appeared irrequiarly. 





World recognition of many projects conducted by scientists of the USSR Academy of 

Medical Sciences attests to their scientific and practical significance and im- 

portance; these include, for example, discovery of new properties associated with | 
the pathogenicity of tumor-causing viruses, synthesis of embryo-specific protein by ' 
malignant tumors, and other discoveries that have become the basis for development 

of qualitatively new methode for diagnosing and treating a number of serious diseases 

in the UBSR and abroad. 


it should be recognized at the same time that despite the successes attained by the 
academy's scientists, the work of many scientific research institutes of the USSR 
Academy of Medical Sciences responsible for research on problems of unionwide signi- 
ficance has fot been at the required level for many years (and even decades) --that 
is, they are performing research that is not making fundamental changes in the 
knowledge of the scientific directions in which they are working. This is doubt- 
leesiy slowing down the progress of medical science, to which the USSR Academy of 
Medical Sciences can make 4 Significant contribution. As of today, only 25 per- 
cent of the academy's scientific research institutions (10 out of 40) are conducting 
research at the level of discoverir =; however, the official patent specialists of 
only half of the scientific organizations of the UBBR Academy of Medical Sciences 
are capable of qualified, systematic work aimed at protecting state interests in 
priority research. As these data show, not all of the scientific collectives of 
the USSR Academy of Medical Sciences are satisfying the requirements of the 1973 
CPSU Central Committee and USSR Council of Ministers decree “On Purther Development 
of tnmvention Affairs in the Country, Improvement of the Use of Discoveries, In- 
ventions, and Efficiency Proposals in the National Boonomy, and Enlargement of Their 
Role in Acceleration of Scientific-Technical Progress”, aimed at raising the effec- 
tiveness of research. 


Determination of objective indicators with which to evaluate the . fectiveness of 


scientific researct in medicine is acquiring great significance t say. Occurrence 
of discoveries within a particular time period (a sufficiently lung one, 5-7 years 


$2 








for example) could serve a8 one of the main eriteria of the contribution made to 
progress 4 medical scienee by institutes responsible for particular problems of 
wiionwide significance fundamental to medicine, Consideration of this indicator 
would faise both the responsibility and the prestige of the academy institute's 
seientific colleetive. Absence of independent patent services in the structural 
Subdivisions=-both the central machinery (the Presidium of the OBSK Academy of 
Medical Seiences) and the academy's scientific research institutes=<is concurrently 
hindering effective work aimed at developing priority research in medicine. 


Summariging the activities of scientific institutions of the UBSR Academy of 
Medical Sciences working on discoveries, we can conclude that scientific develop- 
tmnte being worked on by scientific research institutes and centers of the USER 
Academy of Medical Sciences have an important place in solution of pressing, funda- 
mental medical problems. 
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IN THE PRESIDIUM OF THE USSR ACADEMY OF MEDICAL SCIENCES 
Moscow VESTNIK AKADEMII MEDITSINSKIKH NAUK SSSR in Russian No 9, 1980 pp 90-92 





[Article] 


{Text} The presidium of the USSR AMS [Academy of Medical Sciences) heard the repurt 
of P. F. Lopatin, chief metrologist of the USSR AMS, concerning the status of 
metrological support at inetitutions of the USSR AMS and measures to improve it. 


The presidium of the USSR AMS observed that the necessary work was done in the last 
few years in the system of the USSR AMS to develop the material and technical base 
of the metrological service. Two base getrological laboratories have been estab- 
lished, which have excellent modern equipment and transportation resources to 
deliver instruments for a check [inspection]. These laboratories check photoelectric 
colorimeters, pH meters and a number of medical diagnostic inetruments, in addition 
to general technical measuring equipment. in addition, the laboratories of the Mos- 
cow Center for Metrology and Standardization, as well as other agencies, are used 
extensively to check measuring equipment of scientific research institutes, Senior 
engineer-metrologists are now on the list of the regular [permanent] staff of 
institutes of the USSR AMS, 


As a result of these steps, the condition of measuring equipment has improved at 
institutions and organizations of the USSR AMS. At the start of 1977, there was 
4 mean of over 20% of measuring instruments for the entire AMS that had not been 
checked at the proper time, versus 10% at the start of 1979. 


The following institutions and organizations of the USSR AMS have achieved the best 
results with regard to metrological support of measuring equipment: Institute of 
General and Communal Hygiene imeni A. N. Sysin, Institute of Virology imeni D. I. 
Ivanovekiy, Inetitute of Neurology, Institute of Nutrition, Inetitute of Poliomyeli- 
tis and Viral Encephalitis, Institute of Psychiatry, Institute of Biological and 
Medical Chemistry and Institute of Epidemiology and Microbiology imeniN. F. Gamaleya. 


At the same time, proper attention to questions of metrological support is still not 
being given by a number of institutions of the USSR AMS. This applies, in parti- 
cular, to the Inetitute of Cardiovascular Surgery imeni A. N. Bakulev, Institute of 
Pediatrics, Inetitute of Human Morphology, Institute of Industrial Hygiene and 
Occupational Diseases, Brain Institute and Laboratory of Experimental Biological 
Modeis. The most alarming situation with regard to the technical condition of 
measuring equipment has developed at the Institute of Normal Physiology imeni P. K. 
Anokhin, where over 85% of the measuring equipment tested in use had not been 
submitted to checking at the proper time. 
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The unsatisfactory condition of measuring equipment at these institutions is attri- 
bulable to poor metrological discipline, unsatisfactory surveillance by institute 
metrologists over the technical condition and prompt checking of measuring equipment. 
Questions of metrological support are seldom discussed by scientific councile of 

the institutes, There is no base in the system of the USER ANE for checking aspect ro= 
photometers, polarimeters, refractometers and a number of other measuring devices 
that are used in subordinate institutions, Questions dealing with the inepection of 
these instruments in organizations of the Moscow Center for Metrology and Standard - 
éation and other agencies have not been resolved, 


To eliminate these flaws and to improve metrological support of institutions and 
organizations of the USSR AMS, the presidium of the USSR AMS hase charged N. V, 
Rasumteev, head of the Technical Administration, and chief metrologiet P. FF. Lopatin 
to take steps to improve the work of metrological laboratories and promptly implement 
work dealing with checking of measuring instruments; it aleo indicated that a 
seminar on the topic of “Tasks for inetitute metrologiste and employees of metro- 
logical laboratories of the USSR AMS pertaining to implementation of the complex pro- 
gram of metrological support" should be organized for employees of the metrological 
service of the USSR AMS, and that there gust be intensification of contro: over the 
performance of the metrological services, paying special attention to institutions 
and organizations that presently have a considerable number of unchecked measuring 
inet ruments. 


It was recommended that the administrators of scientific research institutes and 
laboratories of the USSR AMS discuss at least once 4 year, at meetings of scientific 
councils, questions dealing with the status of gsetrological support at the institu- 
tions and to outline specific seasures to resolve them, and that the heads of de- 
partments, chief engineers and metrologiste be made gore reaponsible for the state 
of metrological support. 


The recommendation was offered to §. §. Gavrilov and V. A. Serebryakov, directors 
of repair enterprises of the USSR AMS, to take steps for continued development of 
the material and technical base of metrological laboratories and consolidation of 
their etaffs. 


The attention of the directors of the Institute of Normal Physiology, Institute of 
Pediatrics, Imetitute of Cardiovascular Surgery imeni A. N. Bakulev, Institute of 
Human Morphology, Institute of Industrial Hygiene and Occupational Diseases, Brain 
inetitute and head of the Laboratory of Experimental Biological Models was called 

to the serious flaws in getrological support of their institutions. The deputy 
administrators for scientific work at these institutions were asked to organize 4 
thorough inspection of the technical condition, records and adherence to rules 

for operating measuring instruments. On the basis of the results of the inspections, 
the metrologistse of these institutions are to prepare plane of measures, copies of 
which are to be submitted to P. F. Lopatin, chief getrologist of the USSR ANS. 


The presidium of the USSR AMS heard the report of Prof K. V. Orekhow, director of 
the Seientific Research Institute of Medical Problems of the North, Siberian Depart- 
ment of the USSR AMS, dealing with a draft program for scientific research on 

the topic of “Human ecology in the Extreme North.” 
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The presidium of the USSR AMS observed tha: ( «¢ submitted draft program inciudes the 
Study of (he @oat important patterne of huses ecology under experimental conditions 
of the North, and that it conforms with the tasks put te medical setence by the 
25th CPBU Congress, and the decree adopted by the CC CPBU and UBER Council of 
Ministers in 1977 “Concerning Measures for Continued taprovement of Public Wealth,” 


The draft program deals with the basic directions of theoretical, experimental and 
Clinical @edicine that would be instrumental in further improvement of the health 
status of the public, long and active life and higher reproduction of healthy of f= 
spring in the Extreme North, 


The presidium of the USSR ANB gave its approval to the main pointe of the draft 
program on “Human ecology in the Extreme North” of the Siberian Department of the 
USSR AMS concerning medicohygienic and biclogical probleme of the North, 


The presidium of the USSR ANS heard the report of Prof V. A, Matyukhin, director of 
the Selientific Research institute of Physiology, Siberian Department of the USER 
AMS “On a draft regional program for the Siberian Department of the USSR ANB,” "Bio- 
medical problems of work-shift organization of labor in regions undergoing indue- 
trial development.” 


The presidium of the USSR AMS observed that the regions of new industrial development 
in Siberia consist chiefly of territories with few inhabitants and with 4 rigorous 
climate. The development under these conditions of new ofl, gas and coal mines, 

and of timber, has caused an intensive influx of sigrants, who constitute 97% of the 
population in some regions. The new climate is straining 411 functional systems 

of the @igrants during the adaptation period. in addition, the working conditions 
make it imperative to organize labor in work shifts, which means that brigades 

of workers experience considerable stress factors when they gove rapidiy and for a 
long time away from their customary habitat to the difficult industrial and sicro- 
climate conditions. All this makes it imperative to igmediately solve 4 number of 
basic biomedical problems, after which recommendations can be formed: criteria for 
screening individuals to work under work-shift conditions, optimum work schedules, 
setting sanitary and hygienic labor standards, monitoring and improving the health 
of workers, etc, 


The objective of the draft program entitied "Work shifts,” under discussion is 
complex and coordinated work on the above-mentioned problems, together with 
inetitutions of other agencies. 


The presidium of the USSR AMS expressed its approval of the direction of scientific 
and practical-<ecientific work on the regional program as being timely for the 
development of new industrial regions, and it adopted the regional program. The 
Scientific Research Institute of Physiology, Siberian Department of the USSR AMS 
was appointed the chief institution for implementation of the regional progras. 


The presidium of the USSR AMS heard the report on the findings of 4 complex inspec- 
tion of the work at the Institute of Normal Physiology imeni P. K. Anokhin, USSR AMS. 
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The presidium of the USSR AMB observed that the work dene at the Institute of Normal 
Physiology iment ?, K, Anokhin, USSR AMB, is based on continued creative develop- 
ment of the teaching of Academician PF, K, Anokhin on functional systems of the body, 


Work in the main directions of the institute is being pursued in total conformity 
with the adepted program, and it is based on the leading theoretical theses of 

Pr. K. Anokhin concerning functional systems of the body, Some new facts were ob- 
tained as 4 result of the research conducted within the framework of these direc= 
tions, and conceptions have been expounded that represent the creative elaboration 
of the scientific ideas of PF. K. Anokhin, 


New conceptions have been expounded on sysetems quantation of the purposeful beha- 
vVioral act, a8 well as the conception of systemogenesis of the behavioral act, 

These theoretical theses constituted the methodological foundation for investigation 
of a number of applied aspects of physiology (physiology of labor and sports). An 
Original conception was formulated on population systemogenesis, 


The specific role of central mechaniems, which could lead to cardiovascular dis- 
orders in the presence of conflict, was demonstrated in a study of emotional stress, 
The significance of genetic and acquired factors has been defined in mechanieons 

of predisposition and resistance to emotional etress. On the basis of this research, 
methods have been developed for predicting development of cardiovascular disturbances. 
The hypothesis has been expounded that certain oligopeptides are involved in the 
formation of various emotional motivational states. 


The results of research done at this institute have made it possible to recommend 
for practical use some of the scientific achievements in the area of industrial 
physiology, sports and preventive @edicine, Recommendations were developed and 
are already being implemented in the area of prevention of emotional tension in 
workers and students; original designe of portable stimulators to attenuate pain 
syodromes are in use at the clinic. 


The results of theoretical research conducted at the institute on the @echaniems of 
maintaining 4a vertical body position and others have been adopted in the training 
of the Olympic shooting tean., 


Over the period covered by the report, the staff of the institute published 606 
scientific works, including i gonograph, 2 books, 7 collections on specific topics, 
and there are 4 gonographs in press. Three author certificates nave been issued 
for inventions, and applications for four others are being considered. 


The institute implements extensive compensation for research involving 18 institu- 
tions of the USSR Academy of Sciences, USSR AMS and USSR Ministry of Health, and 

it is actively developing collaboration with institutions and scientists of social- 
ist and capitalistic nations. 


The institute serves in an administrative capacity as the chief institution in 
the nation overseeing the problem of “Mechanisms of systemic organization of func- 
tions” within the framework of two all-Union scientific programs: “Functional 
systems and principles of dynamic organization thereof” and “Bmotional stress and 
ite role in the genesis of cerebrovisceral disturbances.” 


There are 17 scientific research laboratories and 3} independent scientific groups, 
with « secientific-administrative department, at work at this institute. 
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However, the presidium of the USSR AME noted (hat there were a number of flaws in 
the work of the institute, 


As yet, not all of the institute staff members have learned the methodology of the 
systems approach with regard to development of theery of functional systems expounded 
by P. K. Anokhin, There are laboratories within the inetitute structure that dup- 
licate one another (laboratories of functional neurochemistry, theoretical physio- 
logy, moleculat neurophysiology and biochemistry), Some laboratories are under= 
staffed and are not adequately furnished with material and technical equipment (the 
memorial laboratory of neurohistology iment 8, 1, Lawrent'yev), The names of some 
laboratories deo not reflect the specific nature of research conducted there, 


The laboratory of neuroendocrine regulation gust be reorganized; the projects of 
this laboratory do not cover the broad front of research in the field of systems 
physiology, which are needed because of the direction of the problems that are 
being worked on; modern methods for studying hormones are not used in this labo- 
ratory. 


Biochemical and morphological research is not being conducted on a sufficient scale 
at the institute, and there are major difficulties related to the extreme shortage 

of work space, physical separation thereof and unsafe condition of facilities that 

are in use. 


The institute is poorly equipped with computer technology for ongoing processing of 
experimental data, and it does not have 4 highly skilled engineering service. The 


organization of the metrological service is unsatisfactory; there is irregular and 
inadequate supply of equipment and chemical reagents, ae well as laboratory animals. 


Having approved of the performance of the Institute of Normal Physiology imeni P. &. 
Anokhin, USGR AMS, and the main directions of ite ecientific research, the presi- 
dium of the USSR AMS has made it incumbent upon K. VY. Sudakov, corresponding member 
of the USSR ANS, who is the director of this inetitute, to implement the following: 
continue with the work of the institute staff to extend the methodological bases for 
creative development of the teaching on functional systeme of the organism expounded 
by Academician P, K. Anokhin; to develop,within | a@onth, a plan of administrative 
@easures to eliminate the above-mentioned flaws; to consider the question of up- 
grading the structure of the institute in the light of the comments that were made, 
paying special attention to strengthening the laboratories created at the instiga- 
tion of P. K. Anokhing to improve the laboratory of neuroendocrine regulation, and 
to expand biochemical and gorphological research. 


COPYRIGHT: "“Vestnik Akademii meditsinskikh nauk SSSR", 1980 
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COMPREHENSIVE PROGRAMS AT MEDICAL CENTERS IN SIBERIA 
Moscow ZDOROV'YE in Russian No 9, 1980 pp 2-4 


[Article by N. R. Deryapa, chief scientific secretary of the Siberian Department 
of the USSR Academy of Medical Sciences and corresponding member of the USSR 
Academy of Medical Sciences] 


[Text] We have been working during the last five years to implement the decisions 
of the 25th CPSU Congress providing for the further development of research on the 
leading medical=biological, social<hygiene and medical problems. 


Along with the study of the most important clinical aspects of medicine we have 
given much attention to studying the various aspecte of vital activity in the 
healthy human, primarily the patterns of adaptation in man to the new so-called 
subextreme climatic, geographic and social-production conditions. This question 
is of paramount importance for the inhabitants of Siberia, the Par East and the 
Par North. 


At one time, adaptation by the first generations of Siberianse to the new condi- 
tions took decades and even centuries. Wow it is vitally necessary to learn how 
to control this process. Because of the preferential economic development of 
regions in Siberia, the Par East and the Par North and the creation of territorial- 
production complexes, migration from the west and south regions of the country has 
increased sharply. The need has arisen to learn in the shortest possible time, 

on the one hand, the ways in which the various climatic and geographical factors 
affect the human body; and on the other, the molecular, cellular, organic and 
systemic mechanieme of adaptation to them. Simply put, it has been necessary to 
find the weak links in the unified system that protects the body from the adverse 
effects of the environment, and to develop effective physiological methods to 
enhance health and prevent disease. Ali the avenues in this kind of research 

were conceived and combined in the “Human Adaptation” program, the implementation 
of which literally every medical-biological institute in the country is adding 

ite contribution. Today, on the eve of the 26th CPSU Congress we are able to state 
with satisfaction that during the years of the 10th Five-Year Plan much data has 
been obtained that is of value for an understanding of adaptive mechaniems and for 
dealing effectively with the adverse effect of unusual environmental conditions 

on the human body. 








One important result from the work of the scientists of the Siberian Department 
of the USSR Academy of Medical Sciences has been the discovery of the syndrome 
of polar stress that develope in the body in response to the prolonged effect 

of subextreme factors. At its basie lies the change in the metabolic complex, 
primarily energy exchange in the cellular membranes, The fact is that under 
normal conditions the body derives energy during the process of the oxidation 
equally from carbohydrates or fats, while in the polar stress syndrome, the oxi- 
dation of fate becomes preferential. This condition, which determines a certain 
level of functioning for all body systems, is not really a pathe’ + or disease. 
In certain situations, however=-when the qualitative changes bu... up in the 
cellular structures reach a critical magnitude--they can “clear the way" for 
atherosclerosis, ischemic heart disease, arterial hypertension, hemolytic anemia 
and other diseases. 


The scientists of the Siberian Department of the USSR Academy of Medical Sciences 
have undertaken a series of static and expeditionary research projects in order 
to arm the practicing physician with methods of preventing these shifts. One of 
the methods developed during the process of this research is the switching of new 
settlers to a rational, balanced diet worked out by generations of Siberians, 

in particular the use of venison and deer fat, marine animals, and fish from 
sources in the north. Some of the correcting diets suggested by our scientists 
have already been put into use. 


Data important for geront logy and pediatrics have been obtained as the result 

of joint research conducted in the regions of north Siberia by specialists from 
the Novosibirsk Institute of Clinical and Experimental Medicine and the Tomek 
Medical Institute. Retardation and suppression of immune responses have been 
found in new settlers. These changes are of a phased nature and could be one of 
the reasons for the protracted course of infectious and noninfectious diseases 
and of inflammatory processes and the slower healing of injuries. It has also 
been found that the phased nature of the immune response discovered must be taken 
into account when drawing up the calendar for prophylactic vaccinations in 
Siberia, the Par East and the Par North. 


Using the “Human Adaptation” program as a base, the Presidium of the Siberian 
Department of the USSR Academy of Medical Sciences has drawn up a series of goal- 
oriented regional subprograms. 


The general aim of the “The North--Human Ecology” subprogram is to maintain and 
to enhance the health of indigenous and immigrant populations of the Far North. 
The head institute is the Institute of Medical Problems of the North located in 
Krasnoyarsk, and others participating in the implementation of the program 
include & scientific research and medical institutes belonging to our academy, 
the union and republic ministries of health, and the Siberian Department and the 
Far Eastern Scientific Center both of the USSR Academy of Sciences. 


The “Work Shift" subprogram is also extraordinarily important. Started on the 
initiative of scientists at the Novosibirsk Institute of Physiology in coopera- 
tion with specialists from the Tyumen’ Medical Institute, it now includes 
personnel from another 17 of the country's establishments in Saratov, Ufa and 











other cities. A comprehensive study of production and everyday conditions and the 
state of health of contingents of shift workers by physicians of various epeciali- 
ties has made it possible within a short time to draw up temporary guidelines 

for rules for occupational selection, for working and rest conditions, and for 
diets for those engaged in surveying and in of] and gas recovery work north of 
Tyumenkaya Oblast. Work on this subprogram continues, 


The “Environmental Hygiene and Maintenance of Human Health (city, region)" sub- 
program is of great significance (or the industrial centers. It provides for the 
drawing up of measures to insure the successful fulfillment of plan targete by 
industrial enterprises while simultaneously maintaining the health of the popula- 
tion and an environment beneficievl to life. 


The function of information has been entrusted to treatment and prophylactic 
establishments. Alarm signals (increased occurrence of diseases or industrial 
discharges contaminating the atmosphere at a populated point) are received by 
the "City Health Automated Control System", are processed and then passed on to 
the authority on whom correction of the situation depends. The head institute 
of this subprogram is the Scientific Research Institute of Comprehensive Problems 
of Hygiene and Occupational Diseases in Novokuznetsk. The introduction of the 
"City Health Automated Control System" in the Kuzbas territorial-industrial com- 
plex has already had a tangible effect. Similar systems are being introduced 

in other cities in the east of the country, in particular in Noril'sk and 
Viadivostok. Experience gained in setting up a data base for health has also 
been passed on to our Bulgarian friends. 


During the 10th Five-Year Plan a qualitatively new stage began in the development 
of the medical sciences in the east. Strengthening of the material and technical 
base and the increase in the numbers of scientific personnel are enabling us to 
improve planning and coordination of scientific research, assimulate scientific 
developments more rapidly in extensive clinical practice, and provide qualified 
personnel for medical teams in the eastern regions. 


In preparing to meet the 26th CPSU Congress in a worthy manner, we should display 
even greater expectations of ourselves; we should reveal defects, poor work and 
oversights, and again and again consider and discuss our plans for the lith Five- 
Year Plan. This was spoken of, particvlarly in the clinics and laboratories of 
the Siberian Department of the USSR Academy of Medical Sciences and at meet ings 
and assemblies devoted to the CPSU Central Committee June (1980) Plenum, and was 
pointed out at the aktiv of the CPSU Novosibirsk oblast and city committees. 


COPYRIGHT: Izdatel'stvo "Pravda", “Zdorov'ye", 1980 
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UDC 615. 4:001. 8(47457) 
ALL-UNION INTEGRATED PROGRAM OF SCIENTIFIC RESEARCH IN BIOPHARMACEUTICS 
Moscow FARMATSIYA in Russian No 5, 1980 pp 1-4 


(A. I. Tenteova, G. S. Kiseleva, &. A. Valevko, and &. F. Vasil'yeva, All-Union 
Scientific Research Inetitute of Pharmaceutics, Moscow) 


(Text) The planning of specific programs to deal with the most important problems 
in pharmaceutics is within the overall complex of issues being worked on within the 
framework of the unionwide “Pharmaceutics” problem of the USSR Academy of Medical 
Sciences. 


Research in biopharmaceutics acquired great significance in the last decade; this 
research has established the biological significance of the processes associated 
with acquisition of medicines, the physicochemical state of the substances involved, 
the quality and quantity of formers, the form of medicine, medicine production pro- 
cedures, and 80 on. 


However, despite significant successes, a deep theoretical foundation has not as yet 
been established for scientific research in this area and, what is especially im- 
portant, the scientific research has not yet enjoyed practical implementation. 


The need has now risen for sreating the conditions for studying the fundamental 
problems of biopharmaceutics. Such research would require unification of the 
efforts of scientists in different specialties. The need for close ties among 
different specialists is also emphasized by the requirements presently imposed on 
research on medicinal forms by the USSRMinistry of Public Health and WHO. 


Research in biopharmaceutics is being conducted in our country on a sufficiently 
broad front by pharmaceutical institutions, school departments, and scientific re- 
search institutions, but it is impossible to solve the problems of biopharmaceutics 
today without the participation of physical chemists, biochemists, pharmacologists, 
physiologists, and others. 


Considerable experimental and theoretical material accumulated by pharmaceutical 
institutes and school departments in biopharmaceutics has made it possible to compile 
the All-Union Integrated Program of Scientific Research in Biopharmaceutics. 


This program is based on proposals received by the problematic commission from re- 
searchers working on the problems as well as from institutes of the USSR Academy of 
Sciences, the USSR Academy of Medical Sciences, the Ministry of Medical Industry, 
and other institutions. 
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The program also reflects new research directions that appear promising to the 
problematic commission. 


The main goal of the program is to develop effective, sensible medicinal forms, to 
Create and use auxiliary compounds that promote optimum expression of the pharmaco- 
logical properties of a preparation, to improve medicine prod» ion processes, to 
raise the effectiveness of the methods of medicine analysis, © to acquire new 
data on biological 4vailabil.ty. 





The program includes four basic directions, each of which ec ine its own sections 
and subsections, together with concrete research tasks. 


The first direction, “The Theoretical Fundamentals of Biopharmaceutics and Experi- 
mental Study of Pharmaceutical Factors", foresees research on the influence of the 
physicochemical propertic of medicines upon their biological activity. This re- 
search is permitting us to acquire new data on the influence of particle size, 
polymorphism, solubility, and other physicochemical characteristics of medicines 
upon their assimilation and the nature of their metabolism and elimination. The 
research is also permitting us to establish the mechanism of interaction between 
the structure of crystals and solvates on one hand and their physical and chemical 
properties and biological availability on the other (All-Union Scientific Research 
Institute of Pharmaceutics--VNIIF, Pyatigorsk Pharmaceutical Institute, and Moscow 
Medical Institute No l--MMI No 1). 


Biopharmaceutical investigation of auxiliary substances used in the production of 
soft, solid, and liquid medicines has the objective of revealing the laws governing 
interaction between medicinal preparations and auxiliary components. Such research 
is to be used as a basis for creating and using highly effective vehicles, to include 
ones with prescribed physicochemical properties insuring optimum therapeutic activity, 
and for finding new auxiliary substances to be used in the creation of promising 
medicines (VNIIF, the Pyatigorsk and Perm’ pharmaceutical institutes, the Kursk 
Medical Institute, MMI No l, the Riga and Ryazan’ medical institutes, the Georgian 
SSR Academy of Sciences Pharmacochemical Institute, and the Leningrad Institute of 
Chemico-Pharmaceut icals--LKhFI). 


The production processes used in acquisition of medicines is one of the important 
pharmaceutical factors. By revealing the role played by production processes and 
their relationship to biological availability, and by improving the methods of 
medicine manufacture, we will be able to develop effective medicir.1 forms and 
preclude their therapeutic nonequivalence (VNIIF, Pyatigorsk Pharmaceutical Insti- 
tute, MMI No l, the L'vov and Ryazan’ medical institutes, and the “Olaynfarm" 
Production Association of the USSR Ministry of Medical Industry). 


Important tasks of biopharmaceutics, from the point of view of its status as a 
technological subdivision, include creation of sensible and new medicinal forms, 
and acquisition of new experimental and clinical data on the influence of the form 
of medicine upon the pharmacotherapeutic action of medicines. There are four con- 
crete tasks in this case: development of sensible medicinal forms insuring optimum 
activity of the medicine; investigation of long-acting medicinal forms, and their 
experimental in vitro and in vivo analysis; investigation of the possibilities for 
creating new selective-action redicinal forms; creation of medicines tailored to 
particular age groups, and their biopharmaceutical evaluation. 
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Work on these tasks will make it possible to propose the most sensible medicinal 
forms for anticonvulsive, psychotropic, hormonal, antihistamine, sulfanilamide, 

and other groups of preparations, to develop the theoretical aspect and methods of 
prolonged action of medicinal substances, and to create long-acting forms of medicine 
(e,edrops, microcapsules, granules, (spansuly), and so on); to develop, on the basis 
of theoretical and experimental material, the procedures for forming liposomes from 
native and synthetic lipids, and to study the conditions for binding a number of 
Medicinal substances with liposomes to permit evaluation of the influence of 
membranes upon entry of medicines into the cell; to develop the scientific principles 
of creating medicines tailored to particular age groups, acquire new data on the 
mechanism of interaction between unique features associated with the age of the 
individual and preparation assimilation, distribution, and elimination, and to 
develop requirements of children's medicines (VNIIF, the Pyatigorsk, Perm’, and 
Khar'kov pharmaceutical institutes, the LKNFI, MMI No 1, the Kaunas, Kishinev, 

Kurek, L'vov, Riga, and Ryazan’ medical institutes, the Georgian SER Academy of 
Sciences Pharmacochemical Institute, and the Latvian SSR Academy of Sciences Insti- 
tute of Organic Synthesis. 


Today, at a time when extensive work is being done throughout the world to find 
new physiologically active substances, revelation of new classes of physiologically 
active substances and creation of medicines on their basis are important. The pro- 
gram includes developing approaches to comparative evaluation of physiologically 
active substances and medicinal forms made on their basis, and developing a system 
for initial selection of potential physiologically active substances having receptor 
action. This will make it possible to introduce methods and quantitative indices 
for quick assessment of the pharmacological properties of known and new medicinal 
preparations, and to reveal potential medicinal substances among compounds having 
unique chemical structure (Scientific Research Institute of Biological Testing of 
Chemical Compounds--NIIBIKhS). 





The problem of the stability of medicinal preparations and medicinal forms has 
always been important to pharmaceutics. The program foresees investigation of the 
mechanisms of radical-oxidative processes occurring in the aging of medicines, re- 
search on the influence preparation stability has on the biological availability of 
medicines, and development of the scientific principles of selecting stabilizers 
(VNIIF, Pyatigorsk Pharmaceutical Institute, MMI No 1, the L'vov and Ryazan’ medical 
institutes, NIIBIKNS). 


The program's second direction includes experimental investigation of the influence 
of biological, physiological, biochemical, and ecological factcrs upon the pharmaco- 
kinetics of medicinal preparations. The objective of this section of the program 
is to reveal the laws governing the influence of external and internal environmental 
factors, biological rhythms, simultaneously prescribed medicines, and so on upon assimi- 
lation, distribution, and elimination of medicines from the body. The results can 
be used to determine the conditions for prescribing such medicines. Research will 
be conducted on the mechanisms of action of medical preparations at the molecular 
and subcellular levels, new data will be acquired on the mechanism of action of 
preparations in the phenothiazine series, and sensible ways of their administration 
will be established (VNIIF). 
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Meseareh on the infivenoe fectors Of the external and internal environment have on 
Medicine assimilation and «. mination will heip ue reveal the whique pharmacokinet i. « 
of som preparations in the body a8 it responds to particular living conditions, 
temperatures, and physical joeds (LANFI, and the Ryagan’ and Tyumen’ medical insti- 
tutes); freseareh on the in’ wence Of biclegical rhythms upon preparation activity 
will Make it POSSiDic ‘6 eetablioh the infiuence of diurnal rhythms upon the basic 
Characteristics of lipid metabolism and preparation pharmacokinetics (LKAFI, 
Tyumen’ Medical Inetitute). Research will be condueted on the biopharmaceut icai 
aspects of such wee of 4 Humber of preparations, a6 well ae on the role of food 
composition and th of the contents of the gastrointestinal tract upon medicine 
apsorption and elisination (M4 Wo 1, and the Ryasan’ and Kursk medical institutes. 


The pharmcogenetic aspects of obtaining and studying medicinal agente has been 
Of interest in fecent years. Guphasis is placed on development of the theoretica! 
Pinciy.ce Of GeBsigning Medicinal forms intended for use by patients of particular 


phenotypes (NITRIENS). 


The third direction--biclogical availability of me*icines and the methods of its 
determination=-i8 presentiy one of the most important. Solution of this problem 
will make it possible to develop the theoretical aspects and practical recommenda- 
tions of determining biclogical availability of medicines as 4 criterion for evaiu- 
ating the quality and effectiveness of medicinal preparations. The methods and 
instruments used to determine biological availability in wv’ tro and in vivo will be 
Geveioped and subjected to comparative evaluation. This will make it possible to 
suggest practical recommendations on their use in determining thebiological availability 
of medicines (VNIIF). 





Pians are being made to make «a theoretical and practical analysis of the possibility 
for modeling assimilation and elimination of preparations administered by pathways 
other than intravenous. Application of precise correlation methode will make it 
possible to reduce the number of experiments required to d@etermine biological avail- 
ability in animals, and to write scientifically grounded recommendations on choice 
of optimum medicinal forms (VNIIF, MMI Wo 1). Tests to ewaluate the quality of 
mdicinal forms will be developed, recommendations on forecasting the cases of their 
possible therapeutic inadequacy will be prepared, and the @ost sensible schemes for 
studying medicinal forms will be developed (VNIIF). 


The fourth direction involves improvement and development of present methods for 
determining preparations and their @etabolites in biological fluid and body tissues. 


The objective of this direction is to improve existing methods and achieve applica- 
tion of new, highly sensitive methods of pharmaceutical analysis of medicinal agents 
in biological fluids and tissues. Mesear-> will be conducted on oxidation, reduction, 
ayGrolysis, acetylation, and alkylation of = number of medicinal substances (VWiIIT, 
the Pyaticors* and Khar’kow pharmaceutical institutes, LANFI, MMI No i, the 
Kishinev, Kursk, Rigs, @yagan’ and Tyumen’ medical institutes, and the Georgian 55° 
Academy of Sciences Pharmacochemicail Institute). 


armacevtical, medical, and scientific research institutes collaborating with the «. 
©1008 ~Rarmaceutics problematic commission of the USSP Academy of Medical Sciences, 
and a number of institutes of the UBBR Ministry of Medical Industry, USSR Academy of 
Medical Sciences, ‘SSR Academy of Sciences, and others are participating in the pro- 
gtam’s implementation today. 
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tO. of, Uhe problematic commission will gratefully and attentively enamine aii 
pivpeseais for few directions Of scientific rcseareh in biopharmaceutics, and for 
expanding the number of participants of the program, 


The problematic Commission pians to hoid wortsing conferences on different sections 
of the program with the goai of deveivping wiified approaches to solving the most 
important problems and assceesing the research procedures and results. 


All scientific research associated with the program is being conducted as part of 
the scientific research pian of each institute or school department. Plans for 
particular years and reports of work completion are to be submitted by deadlines 
established in an order of the USSR Minister of Public Health entitled “The Ali-Union 
integrated biopharmaceutic Programs”. 


At the request of the problematic commission, a detailed report on the results of 
Scientific research in the integrated program, on its practical introduction, or 
on ite phases gust be submitted to the main institute once every 2 years. 


Scientific research results that are accepted and approved by the main institute 
will be treated as introa@uced. 


Implementation of the program will make it possible to solve a large number of 


interesting problems in biopharmaceutics, and to achieve practical introduction of 
proposals of interest to medicine and pharmaceutics. 


COPYRIGHT: “Parmatsiya”, 1980 
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UDC: 613,.67:613,6446612,014,45 
EFFECT OF PULSED NOISE ON MAN 
Moscow VOYENNO=-MEDITSLNSKIY ZHURNAL in Russian No 12, 1980 pp 44-46 
[Article by P. I. Mel'nichenko, capt med serv] 


[Text) Our objective was to study the systemic reaction of healtly young people to 
intensive pulsed noise, taking into consideration the nature, severity of distur- 
bances and time of restoration of their initial functional state. The frequency 
range of pulsed noise was 0-10 kHz, with prevalence of energy maximum in the range 
of 0-400 He. The subjects were exposed once to 5 to 50 pulses, each of which 
lasted up to 10 as, with 10 6 intervals between them. A special measuring and re- 
cording channel was used to record the physical characteristics of the noise, which 
enabled us to record noises in the frequency range of 1 Hz to 20 kHz and dynamic 
range of 0-100 kPa. We used a piezoelectric pressure transducer as the signal 
receiver. Spectral analysis was wade on 4 specially developed program, using a 


computer. 


We assessed the effect of puleed noise on the body on the basis of tonal audiometry 
(air and bone conduction), heart and respiration rates, and arterial pressure. We 
conducted an electrocardiographic examination, used a modified cancellation test 
and tested the reaction to a goving object (RMO). The questionnaire method was 
used to assess the subjects’ subjective condition. 


In our etudy of the reactions to diverse noises, included puleed noise, we used 
parameter VSP,, which characterizes a man's hearing threshold 2 min after exposure 
to the tested factor. In view of the fact that the tests were conducted under 
phvetological (“natural”) conditions, we extended to 15 min (VSP,_) the time of 
examination of changes in hearing thresholds (in the laboratory) after exposure to 
noises. In order to determine the time of restoration of these thresholds to the 
base levele we determined them many times every 15 ain. 


Hearing was tested in 4 special soundproof chamber, the parameters of which con- 
formed with the specifications of GOST 12.4.05-78. An ATK-4 audiometer of the 
Medikor Firm was used to determine hearing thresholds. The results of testing 
thresholds for air conduction are listed in Table 1. The averaged levels of 
hearing loses were calculated on the basis of data obtained for subjects with 
poorer hearing. 


The figures listed in Table 1 indicate that there is a correlation between VSP, . 
and intensity of noise, as well as aumber of pulses. At the same noise level, 
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when the number of pulees was doubled it aise took about twice as long for the 
hearing thresholds to be restored, 


Table 1. Wearing loses and time of restoration in the subjects 





























— — -—— 
tested frequencies, We time, 

— ç — TO LL a — 

0 0 520,41 4,420.6 yw” 

0 2,520.2 1,120.3 520,62 50-60 
120,17 3,120,351 270,19 620.91 60-80 
3, 520,18 3.520,42 3,.720,3 1020, 76 120-140 
520.5 4,220,611 5.720.786 1320, 58 120-140 
*1 520.44 1120,49 2021.2 240-260 
520.6 520,27 1521.68 3521.7 240-300 
1020,5 15*1 1721.5 3521.6 Over 8h 























Table 2. Results of cancellation tests done by subjects 






































Wotse “Farameters studied 
re before exposure during exposure after exposure | 
Efficiency and fatigability, number of rings processed per 10 6 
163 14, 7621, 62 6.5720, 64 13,59%1.7 
165 18. 9322,869 = 16. 521.91 
Degree of adjustment to task, arbitrary units 

163 0.8570, 04 1,320.21 0.9120, 07 

165 0. 7420,03 - 0,66*0.01 

166 0. 99°00. 16 = 0. 7920.19 

Carrying capacity, bits/s 

16) 1. 4620, 16 0.8570. 08 1. 3670, 13 

165 1. 8920,29 = 1.6520. 11 

166 1.5720.25 = 1,.4720.25 











Studies of the estate of the central nervous system by the method of cancellation 
tests (A. M. Parachev, Vv. A. Mozin, 1970) gade it possible to demonstrate a 

direct link between the intensity of 4 noise and quality of performance, 48 com- 
pared to base data. Thus, with exposure to noise of 163, 165 and 166 dB, the cum- 
ber of individuale with changes in test results constituted 17.3, 28.4 and 43%, 
respectively. There was also a distinct correlation between quality of per- 
formance of the cancellation test and intensity and duration of exposure (Table 2). 


As can be seen in Table 2, there was some decline of efficiency and increase of 
fatigability, poorer adjustment and diminished throughput under the influence of 
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hoise., However, statistical processing revealed that there are no reliable differ= 
ences between the base data and those obtained after the tests, At the same 

time, we demonstrated an appreciable difference between the results obtained durin. 
exposure to noise, base results and those following exposure to noise (P<O,05), 
This justifies consideration of the changes in functional state of the central 
hervous system as initia, and transient. The demonstrated deviations aleo indi- 
cate that one should expect gore profound disturbances with increase in inten= 

sity of noise, 


The prevalence of inhibitory processes demonstrated in the cancellation tests was 
also corroborated in our study of the reactions to 4 moving object. Por example, 
with noise of 16) dB there was no change in number of correct answers, while the 
number of delayed responses increased by 1.6%. Even greater changes were de- 
monstrated with exposure to noise of 165 dB: the number of correct responses drop, ed 
by 10%, while the number of delayed ones increased by 8.7%. From } to 4 h were 
required to restore the base RMO parameters. 


Our findings are consistent with the data of other authore (5. 1. Gorshkow et ai., 
1965; G. A. Suvorov, A. M. Likhnitekiy, 1975, and others), who also reported the 
inhibitory influence of pulsed noise. 


Many researchers found that the cardiovascular system was quite vulnerable to 

the factor under etudy (5. V. Alekseyev, G. A. Suvorov, 1965; A. V. Kadyekin, 1968, 
and others). We examined its state by means of electrocardiography, on the 

basis of which we determined the cardiac index, systolic index and the autonomic 
index of Kerdo, We failed to demonstrate appreciable deviations on the BOG, as 
well as the above indexes. Noticeable changes were found in dynamics of heart 

rate and arterial pressure (Table 3). 


Table 3. Dynamice of subjects’ heart rate and arterial pressure 

















devel, @8\____changes, 3 __|_techycerdia | 
163 33,4 66.6 33.4 o 6} 
65 37,5 | 66,8 33,2 66,7 33,3 
166 41,6 60 40 61.8 38.2 
167,5 | 5 | $5.1 44.9 $0 $0 











With increase in intensity of puleed noise there was an increase in number of sub- 
jects with functional changes in the cardiovascular system. The changes in heart 
rate and arterial pressure differed in direction, Thus, with increase in noise 
intensity there was an increase in number of subjects with tachycardia. However, 
when high levels were reached (over 165 4B), many subjects presented slowing of 

the pulse. An analogous reaction of the cardiovascular system was also reported 

by other authors. A. V. Kadyekin (19686), who studied the effects of stable 

noise, demonstrated that brief acceleration of the pulse was followed by progressive 
slowing. 


We failed to demonstrate a clearcut correlation between intensity of noise and 
reaction of arterial pressure, G. A. Suverov, A. M. Likhnitekiy (1975) and other 
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researchers arftived at the same conclusion, Perhaps, this is attributable to the 
fact that pulsed noise affects primarily the auditery analyzer and central ner- 
vous system, which are responsible for the (ormation of the body's general reac- 
tien, Were, the individual distinetions of 4 man, his sensitivity to the effect 
of thie factor are significant, 


The studied parameters of cardiovascular system function reverted to the base 
levele within i-2 h. There were no appreciable changes in the subjects’ respira- 
tory rate. 


The anewers on the questionnaire revealed (iat there was a marked relationship 
between the subjects’ subjective state and intensity of the noise, A significant 
worsening of subjective state was noted with very loud noise (165 4B and higher). 


Thus, puleed noise has an adverse effect on different functional systems of man, 

which confirms the opinion of Soviet scientists (Ye. Ts. Andreyeva-Galanina et 

al., 1972; G. A. Suworov, A. M. Likhnitekiy, 1975, and others) that a complex 

approach is needed to the study of thie factor, The nature and severity of the 

changes, 46 well as normalization thereof, depend on the intensity of the noise, 

duration of exposure and number of pulses per unit time. Particularly sub- 

stantial disturbances occur in the functional state of the organiem with exposure 

to puleed noise of over 165 dB. intensity. In our opinion, this level can be 

viewed as 4 guideline when substantiating the permissible levels of pulsed noises 

with similar physical parameters, | 


1, Alekseyev, S. V., and Suvorov, G. A. “The Effect of Noise With Continuous 
Spectrum on Some Physiological Functions of the Body," GIG. TR. I PROFZABOL. 
[industrial Hygiene and Occupational Diseases), No 6, 1965. 


2. Andreveva-Galanina, Ye. Ts., et al. “Noise and Noise Sickness," Leningrad, 
Meditsina, 1972, 


}. Gorehkov, &. I., et al, “Biological Effects of U)crasound,” Moscow, 1965, 


4, Zagryadekiy, V. P., and Sulimo-Samuyllo, Z. K. “Investigative Methods in 
Industrial Physiology,” Leningrad, Nauka, 1976. 


5. Kadyekin, A. V. “On the Question of Neuropharmacological Analysis of the 
Effect of Noise on the Body,” in “Sovremennoye sostoyaniye ucheniya o 
proizvodstvennom shume i ul'tragzvuke, ikh vliyanii na organizm i profilaktike 
vrednogo deystviya” [Current Status of Teaching on Industrial Noise and 
Ultrasound, Their Influence on the Body and Prevention of Their Deleterious 
Effects), Leningrad, 1968, 


6. Parachev, A. M., and Mozgin, V. A, in “Problemy voyenno-inzhenerpy psikhologii" 
[Problems of Military Engineering Psychology), Vyp 3, 1970. 


7. Suvorev, G. A., and Likhnitekiy, A. M. “Pulsed Noise and Its Effect on Man,” 
Leningrad, Meditsina, 1975 

COPYRIGHT: “Voyenno-meditsinskiy zhurnal", 1980 

[157-10,657)] 


10,657 
CSO: 1840 70 








MEDICAL DEMOGRAPHY 


UDC 618. 39-021.6:614(068,8) 


MEDICAL~DEMOGRAPHIC AND SOCIO-HYGIENE REASONS AND FACTORS FOR ABORTION 
Moscow ZDRAVOOKHRANENTYE ROSSIYSKOY FEDERATSII in Russian No 9, 1980 pp 27-3) 


[Article by As A. Popov, Moscow] 


[Tex'| Induced abortion attracts the attention of socio~hygienists not so auch in 
iteeif as a purely medical phenomenon as because of its influence on the 
birthrate. 


Abortion is emerging ae a factor of change in the birthrate because of ite 
influence both on the woman’s health and on her subseqent fertility. Abortion is 
4 method of regulating the birthrate by virtue of its exceptional incidence 
compared with contraceptive sethods and devices. 


The problem of the incidence of induced abortion is that with the arisal of a 
socially dictated need to regulate the birthrate and having been given a real 
opportunity to do so, a significant portion of the population either prefers 
abortion or is compelled to have it because of the low demographic effectiveness 
of contraceptive method and devices. The reason for thie preference on one hand 
and for the low demographic effectiveness of contraceptive methods and devices on 
the other, is the essence of the problem of induced abortion. 


The extent of its incidence depends on the degree to which the socio-economic and 
sociopsychological factors responsible for the undesirability of pregnancy and 
the birth of a child are manifested, the prevalence of contraceptive sethods and 
devices and the population’s information in this field and also on the low 
demographic effectiveness of the indicated methods and devices. 


This approach to investigation of the problem of induced abortion from the 
medico~demographic perspective exists in the socio~hygiene literature of recent 
years, but unfortunately it has received comprehensive treatment only in the 
works of certain authors. Along with it the traditional, descriptive approach 
which, moreover, is often associated with scientific bias, also remains as 
equipment. This is true despite the obvious scientific and practical inequality 
of the indicated approaches. 
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The reasons for and factore of induced abe. tion @uet be teolated and deliaited. 
The extent to which the reason for Limitation of the birchrate tafluences the 
women of a4 group under etudy~in other words, the aenr(festation of aodern 
reproductive behavior=-can be evalua ed by Labing toto consideration these 
women’s level of social development, ‘.e., ow the beetle of the group's social 
characterietios (social clase composition, cational and ethate affiliation, 
7 place of residence=~in the city of the country, professional skills, 
@tesde 





The socto~hygiene literature presente ihe . opletest description of the factors 
of and @otives for induced abortion, which figure ae ite cavees in a number of 
cases. 


The birthe-abortions ratio is the gost often encountered of the indices of the 
incidence of induced abortion. In USSR the incidence of induced abortion 
fluctates from 1:2.7 (Altayekiy Kray)*to 1:5.9 (AlmanAta).& The reason for such 
differences ie the nonidentical degree of manifestation of sodern reproductive 
behavior, which depende on the social status of the group under investigation and 
the different regional manifestation of the factore which determine the extent of 
the incidence of abortion. 


In some cases, in dependence on the regional manifestation of the factors of 
abortion the fluctuatione in ite lewel reach considerable disensions even within | 
neighboring districts. Thus, within the bounderies.of the Georgian SSR the 

birth-abortione ratio fluctuates from 1:1.2 to 4:1. 


Accordingly the abortion dynamics indices gust be understood as having specific 
significance for the social group under investigation and for the region being 

studied. Thus, in Tashkent abortions increased on the average by 44,9 percent 

from 1955 to 1973;*in Udmurtiya, by 187.5 percent from 1926 to 1965. 


The limited number of studies in which the evolution of the incidence of abortion 
has been traced for a sufficiently long tige and over a substantial area aakes it 
impossible to evaluate the general trend of the process sore or less 
exhaustively. 


Many studies have determined the level of the incidence of abortion at the time 
of the investigation in specific social groups. The incidence of official 
abortion flyctuates from 20 percent in the city and 18 percent in rural areas to 
79.2 percent of the number of all artifical abortions. As some authors have 
indicated, 70 percent of women terminate their fires pregnancies by criminal 
abortion in the city and 90 percent in rural areas. 


In some regions an increase in crig@inal abortions corresponding to the change in 
reproductive conditions is being observed, for example, in Tashkentskaya Oblast 
from 486.5 to 51.9 percent of 411 induced abortions from 1955 to 1973. In otber 
regions a decrease from 22.8 to 8.8 percent was observed from 1961 to 1965. 


In distinction from induced gedical abortion the extent of the incidence of 
crig@inal abortion depends on the regional manifestation of the influence not only 
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of the factore of induced abortion ta general but aleo of the specific factore of 
etiginel abortion, on the social group of women being studied. In the opinion of 
different authors, these are the 23 to conceal the very fact of pregnancy, 
the divulging nature of the diagnosis of “induced abortion” in the certificate 
for work, the long lines in the women’s consultation clinics and other 
formalities in obtaining the operation, the desire to conceal the fact of 
pregnancy for the maxiaal period and ignorance of what period of pregnancy te 
critical, which leads to expiration of the l2-week period, failure to understanc 
that criginal abortion is gore haraful than gedical, a8 4 result of poor work 1: 
health inetruction, ete. Accordingly, the basic epecific factors of criminal 
abortion are the negative public attitude toward extramarital and premarital 
pregnancies and the negative attitude of the women themselves to the formalitiecs 
in registering for the operation. This is corroborated by the relatively greate: 
incidence of criminal abortion among siddle~aged and young women, especially 
among unmarried women or women with unregistered marriages. It may be 
hypothesized that the urgency of the problem of criminal abortion will increase 
in connection with the current desographic trende toward increase in divorces and 
decrease in @arriages, especially repeat ones, if the influence of the factore of 
abortion are not elisinated. 


The problems of the incidence of induced abortion in different social groups and 
the dependence of abortion on socio-economic factors have received the fullest 
treat@ent in the literature. Many authors indicate that use of induced abortion 
as 4 wethod of intrafamily regulation of the birth rate is in reverse relation to 
living conditions and the level of eaterial well-being. In fact, however, here 
the relation is auch gore complex. The process of controlling the birth rate is 
dictated by the complex influence of aany factors, the degree of their influence 
being unequal. Sometiaes their influence is opposite in wltimate effect. For 
example, there is 4 strong inverse relation between the level of education and 
the index of the child bearing function. If the process of improving housing and 
material well<-being were accompanied by an increase in the level of education 
then the influence of the second factor, which is opposite in its directivity to 
the former, would prevail. 


Moreover, in the given instance the fact of greater fertility control does not 
result in si@ultaneous increase in the level of abortions in the given social 
group of women. According to certain data this level will decrease because of 
greater use of contraceptive methods and devices. 


The national-ethnic affilation of the women exerts a great influence on the level 
of the incidence of abortion (here the role of a national tradition of large 
families and to a degree the level of social development play a role). For 
instance, in Aginksiy Autonomous Okrug abortion covasnages one-seventh of 
pregnancies among Buryats and one third among Russians ,**but the inverse 
relationship between fertility and education in nationalities with traditions of 
large families is significantly higher than in Russian women. This is explained 
by the loss of these traditions and the low use of contaception. Some authors 
point out the inverse relationship between the incidence of abortion and the 
local provision of children’s institutions. 


There is a complex influence on abortion of socio-economic and 
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socio-psychological factors and the interreiationehipse betweem them. V. K. 
Kusnetsov (1970) establishes an indirect (\nrough @ tense family situation) 
influence on the decision to resort to abortion by the unsatisfactoriness of 
living and material conditions and also by alcoholiem of the husband. WN. A.» 
Kravehenko and N. PF. Katkova (19/7) tndicate that {f the onset of pregnancy is 
accompanied by an adverse combinatic:. of auch factors as poor housing conditions, 
low family income, 4 low level of the spouses” education, the woman's youth, the 
firet yeare of marriage, repeated pregnancy (especially if the firet ended in 
birth), then the riek of artificial termination of it is three times greater than 
with a gore favorabie combination of factors. 


Unfortunately, there are few such etudies in which the internal hierarchy of the 
factors of abortion and their interrrelationship are revealed. 


The above indicated factore are essentially a quantitative description of the 
current social statue of women and their standard of living. The changes which 
have occurred in them were caused first by change in the reproductive trend and 
then, in connection with the real opportunity to use abortion and also 
contaceptive methods and devices and reproductive behavior, to regulate the birth 
rate. 


The popularity of contraceptive methods and devices depends on the socio~ethnic 
and professional composition of the group of women being studied and of the place 
of residence (the city or a rural area). Some combination or other of these 
factors is responsible for failure to use these sethods and devices in 17.4-61.1 
percent of cases. '2+l among those Fasorting to criminal abortion the index of 
nonuse is as high as 78.8 percent. 


The women{s information on the very opportunity and method of contaception is 
directly proportional to the level of their education, age, duration of aarried 
life, the number of abortions obtained. In addition, in many cases it depends on 
the husband’s desire to use contraceptive sethods and devices. The overwhela@ing 
majoriy of investigators ascertain the prevalence of contraception that is 
ineffective and dangerous to the spouses” health and the unpopularity of 
effective and safe ones. In particular, the use rate of coitus interruptus is as 
high as 70 percent. 


The disadvantageous structure of contraceptive use is, to a considerable degree, 
also caused by the low quality of work in health education, the insignificant 
coverage of the population by it, particularly by the fact that women first 
receive consultations on contraception in the women’s consultation clinics where 
they turn up ” connection with the operation of induced abortion or before their 
firet birthe. At the same tise, 66.7 percent of women have 4 sex life before 
marriage, two-thirds of women=--before the age of 20, and among workers and 
eaployees 15 percent of girle--before is,! 


Despite the comparatively large number of publications (30 in the last 10 years) 
the question of complications from induced abortion regains open. The scientific 
value of most of the works is reduced by 4 number of circumstances, namely, the 
absence of 4 common classification and definitions of complications after the 
operation, the absence of criteria for evaluating the results of subsequent 
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observations, and furthermore the overwhelming majority of investigations are 
performed without control groups and without the use of statistical methods for 
determining the reliability of the resulte of the investigation. 


In some studies which meet the requirements of statistical reliability of the 
results of investigation contain interesting new information. Thus, the rate of 
the arieal of vari complications from induced abortion ie not associated with 


the first pregnancy.” Thie refutes one of the basic postulates of health 
education work in thie field. 


Unfortunately literature on this topic is of great interest if one views it as 
material which enables us to study different subjective viewpoints and their 
influence on scientific research work in this field. 


Meanwhile the question is of great scientific and practical interest, the more so 
since some authors consider induced abortion to be one of the factors of the 
increase in obstetrical pathology, prematurity and stillbirth. 


Measures for preventing induced abortion essentially consist of, on one hand, 
shifting the emphasis in family planning to use of contraceptive methods and 
devices and, on the other hand, conducting a demographic policy on birth control 
which essentially should consist not of reproductive coercion of the family but 
of satisfaction of the historically and socially determined desire to have a 
given number of children. At the present time the existing number of children is 
less than the ideal in gost families. 


Most authors see the basic trend of this work in conducting various measures to 
popularize contraceptive methods and devices and optimize health education work 
in thie field. On the basic of the experience of the socialist countries and 
taking into consideration the economic losses from induced abortion, some authors 
reccommend expanding the practice of free or partially paid distribution of 
contraceptives to the population. Other investigators focus attention on the 
different health education sethods for control of induced abortion, assigning 
great i@portance to dissuading women of the necessity of this operation. 


Measures for prevention of criminal abortions gust consist of eliminating the 
various formalities in obtaining an induced abortion to the extent of creating 
divisions for late abortions. This, however, must be accompanied by efforts at 
strict iaplemeatation of the statutes on obtaining induced abort‘ons, intolerence 
of abortionists and conducting other seasures of a social and legal nature. At 
the same tige opinion has been expressed concerning the igportance of creating a 
negative public attitude toward abortion. 


If our efforts in preventing induced and criminal abortions are based on real 
demographic processes, this will serve to guarantee their effectiveness. 
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SOME UNRESOLVED QUESTIONS CONCERNING MEDICAL EXAMINATION OF THE RURAL POPULATION 


Moscow ZD" 'VOOKHRANENIYE ROSSIYSK(C Y FEDERATSTI No 9, 1980 pp 4-97 


[Article by Yue L. Zabin, candidate of medical sciences, «SPS® Minietry of 
Health, Moscow) 


[Text] The decree of the CPSU Central Committee and the USSR Council of Ministers 
“On Measures for Further Improvice the National Public Health” calle for 
improving the forms and methods of the activities of the public health organs and 
institutions, among which prophylactic medical examination has an taportant 
place. 


The process of introducing prophylactic medical examination to the activities of 
the rural treatment and prophylaxis centers covprises several stages. 


After the first experiment with prophylactic medical examination of rural 
residents, undertaken by the medical workers of Chudnovekiy Rayon, Zhitomirskaya 
Oblast,and UkSSR, republic conferences were held in the Russian Federation. Such 
a conference took place in Tambov in 1952, in Kursk in 1954, and an out-of-town 
session of the USSR Academy of Medical Sciences Presidium in Krasnoyarsk in 1954. 
To a considerable degree these conferences determined the course of the 
introduction of prophylactic medical examination to the rural treateent and 
prophylaxis institutions of Russia. Several sethodical errors were tolerated at 
this stage, however. In particular, it was proposed to begin work on 
prophylactic medical examination with a systematic investigation of collective 
farm workers who were not working because of illness. This would inevitably have 
nullified the operating principle of prophylactic medical examination. The 
problem of the fitness for work of the patients examined was incorrectly solved 
through regional commissions. Such an approach essentially eliminated the 
district hospital physicians f om this work. Attempts were aade to begin 
prophylactic examination of the population without the necessary critical 
evaluation of the status of the material and technical base of the treatment and 
prophylaxis institutions and personnel resources. This was essentially 
substituting their record-keeping for dispensary seasures. 
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The Hemt stage in the tntreduetion ef prophylactic @edical examination called for 
expending the continent of patients examined by each highly epectalized 
depertecent. ‘tn connection with thie the center of gravity of dlepeneaty work 
shifted, ae it were, from the district hospital to the regional ones. 


Thus, the resulte of epectal tavestigations conducted during theee years showed 
that 82.2 pereent of patients examined fro the rural ion of Orlovekaya Oble>’ 
(1974) were observed by physiclane of the cental hospital end only 17.8 percen: 
were under the observation of the dietrtet hospital physicians. Although the 
phystctane of the highly epectalized departments began to be drawn inte 
prophylactic @edice! examination, the aajor rele in carrying out thie seasure tn 
rural areas wae played, a6 before, by the tnterniets (during thie period 41.7 
percent of the patients examined were observed by tnterniete.) 


The current etage of prophylactic @edical examination gay be characterized as 
transitional from examination of tadividual contingents to @ase examination of 
the rural population. 


in their teweetigations 1. 0. Sogatyrev, L. Ge Lekarev, and &. Ya. Preydiin 
ereated « theoretical base on which prophylactic examination of the urban and 
rural popeletion should be built at the present stage and in future. Up to now, 
however, there have been @ quaber of unsolved problems in the methods of 
orgenize*tion of the rural population. 


The goal of ewitching to general prophylactic examinations creates the necessity 
of constentiy increasing the ousber of contingents observed by each physician 
perforating prophylactic examination of the population. Practice has already 
shown, howewer, thet only for some internists does the number of patients 
exatined correspond to the accepted reference sores and that for physicians of 
other epeciaities the sumber of patients examined a6 4 rule ie not even as high 
ae 100. According to owr data, each physician who took part in prophylectic 
exa@ination hed 72 patients under observation on the average. 


Accordingly, at present there ie « real opportunity te ensure «4 certain increase 
in the ecope of prophylactic obeervation of the population by increasing the 
mumber of patients observed by each physician. 


Ae whivereal prophylactic examination is introduced the number of cont ingente 
examined will grow ts an increasingly complex aanner Thie requires the 
identification of comerete measures which anticipate stable growth rates for the 
contingents exesined. Coneidering that the dietrict hosepitel internist aust 
observe every resident of hie district in the course of prophylactic examination, 
with an inerease in the sumber of patients observed by the phyeictians of highiy 
epectalived departeente the indirect load of the dietrict hoepitel physicians 

wi © tnereese etill further. If prophylactic exagination of patients by 
particular epeciaities is completely entrusted to the appropriate epecialists 
alone, there the danger emerges that « situation will ariee in which the physician 
e*atines not the patient but the diecese. 


DuTing th® process of dynamic obeervation, while creating the resources for 











handling pattente receiving prophylactic ess icattone ta outpatient anu inpatient 
care it @uet not be forgotten thet prophyia. ic examination te a profoundly 
soctal prebles, th commection with thie, tncresstngly greater significance aust 
be sacslaned to the laplementation of eeciea! seesures for disease prevention. 
Even with @ substantial imerease to the role of the santtery end epidestologioss 
service in carrying them Gut, particularly is solving demestie problems, the 
district hospital phystetan @uet remain the leading figure. Te take the path of 
reducing the eeope of sectal @eseuree Of prophylenle seane subset itut tng 
epecialieed treateent of regtetered patients for prophylactic examination. 





The ever tnereasing resources of @edicel © lence and prapeses eneure increasingly 
early detection of the tneiptent for@e of pathologice! changes of functional 
deviations from the sere in the hugen orgenies. This in turn eeeumes that 
persone in the stage of premorbid conditions ere placed under observation in an 
inereasingly active ganner. All thie alee increases the load of the district 
internist in providing prophylactic examination of the population. 


in connection with the seclieo~economic transformations occurring rurally, 
concentration of rural residents in large settlements is taking place, and this 
in turn fe making it necessary to reduce the nuaber of district hospials. 


According to A. G. Gafonow'e information, 1364 rural dietrict hospitals vere 
reorganteed in 1970-1975; of them only 71.2 percent were converted into 
Outpatient clinice. The remaining hoepitale were reshaped into parasedical 
obstetrical centers of closed, t.e., the previously existing rural dietricte vere 
eliminated and, according!ly the sumber of dietrict hospital physicians conducting 
prophylectic examination of the population wae in fact reduced. 


Thus 4 certain segment of rural residents, having gained, to be sure, 
opportunities of receiving epecialized sedical care, lost’ their district 
physicians weo coordinated and directed the activities of a11 physicians in their 
dietrict and taplesented the socionhyglentc geseures which ere eo ieportent in 
prophylactic exasination. 


A oo less comples situation connected with the increase in the auaber of patients 
being examined also arises for the physicians of highly specialized departeents, 
einee theif auebers ita rural treateent and prophylaxis inetitutions are 
considerably emalier then that of internists, and subsequent growth of the suaber 
of their etaff appoint@ents is not envisaged. 


The orgenization of outpatient polyclinic care rurally on the district principle 
as in the cities aay prove uneuitadle in the given case. 


At the present etage the secesesity of creating ectentifically walid sethodologies 
aod sores for dispensary work te increseing. Subetential reserves in ensuring « 
cometent increase in the contiqgente of patients examined aay be the syetemat ic 
introduction of elesente of ecientific organization of labor in 411 subdivisions 
of the @edical end sanitary sevices of the rural area, and in gore dietent 
prospect, the systematic introduction of sodera achievements in electronics and 
medical and computer technology which ensure the creation of information 
retrieval eyetems and, ir future, of sutomated systems of control for 








prophylactic exastnation, 


The probles of training district hespitel physietans and, when district service 
ie organioed rurally, dietelet phyetelene of reorganized districte, te alee « 
burfing lesve. 


Prophylactic exesination of healthy contingents tn rural areas hae long been 
traditional. Usually tt e#ounte to conducting periodica) sedical examinations. 
Measures ensuring purposeful prophylente of disesses and laprovement of the 
physical developwent of people's health are not always applied. 


it should be noted thet up te the present the problese of the wethode of 
perforeing different types of @edical examinations have etill not been solved. 
There te no clarity even in examination tereinology. 


The absence of clear regulation complicates the work of the practical phystetane 
and @ekes comparicon of the data obtained difficult. Apparentiy it le necessary 
to accept @ eingle classification of examinations, wnify thea under the 
collective tithe of ‘prophylactic @edical exesinations” and subdivide thee tanto 
preitetnary (fer etarting work), periodical and special. The extetence of other 
tereinology guet be recognized a6 unadvisable. 


The isolated perfor@ance of different types of special examinations by tndividual 
sevices, diepensaries and other inetitutions ie scarcely rational. Special 
exe@inations should be performed sigultaneously and, a6 far as possible, combined 
with periodical examinations. It te important that both the procedure of 
conducting exeeinations iteelf and the eethode of laboratory and inet rumenta! 
inveetigetion in wee be ae little burdensome a6 possible for the person examined. 


Nobile outpatient clinics sounted on the chaesie of vehicles with « high capacity 
for cross-country travel in which teame of physicians of different epecialities 
work aay be used if conducting periodical examinations in rural areas. Such 
Outpatient clintce shoul’ be equipped with E-ray, fluorographic equipment and 
apperatue for functional diagnostics. Radio stations for communications with the 
regional hospital should be inetalled in euch aobile outpatient clinice. The 
date obtained gay be transmitted to the central regional hoepitel wie the 
long~¢letence co@muntications eystes for automated agachine enalysie. The district 
physician showld orgentze euch examinations and participate in thee direct iy. 


Under the conditions of rural areas, with the ewitch to univereal prophylactic 
sedical examination of the population the role of the average agedical worker ae 
the phyeictan’@ helper should tneresse etill further. Along with work on the 
ogectzation and performance of prophylactic examinations he should sleo be given 
the performance of certain aanipulations (seseurt:, ocular presure, taking ERG's, 
éeter@ining arterial preseure, etc.) and aleo the performance of operations to 
éraw wp @edical records and preparing them for aachine processing. 


very pereon under prophylectic ebeervaetion quet became 4 gore aware and active 
attictpent. The different formes of sedical education and particularily training 
of the population in hygiene quet play « significant rele tn thie process. 

















Medical workere @uet de gore active work tn «splatning the essence of 
prophylactte @edteal exasination and populari: ing seele economic achievements 
among the directors of fares and different enterprises. The esueeese of universal 
prophylactic examination and ite effec ivenees will alee depend on the attitide 
of the phystoene themselves and tle everoge & 4 ‘here toward thie geacure, 
their peyehologtios! erlentation, theoretica’ aed pre (leal preparation for 
perfor@ing the tadicated work. in this conmmection, the @olding of an taner 
conviction of the significance of universal prophylectioco exesination in wedicel 
workers @quet be considered one of the geet leportant taske,. 


Only on the beste of the exteting advantages of the soctallet systes, with an 
adequate gatertal=technical base for public health and with the evuecessful 
solution of personne! problese te full-fledged solution of the problems of 
whiversal prophylactic exastination of the population possible. Early detection 
of diseases, predosinantiy at the stage of premorbid conditions, suet be sade the 
tesis of prophylactic examination. leportant divistone are ensuring regular 
dynastic observation of patients, organizing «a wide range of santtary~prophylact tc 
and soclo-sanitetion gescures, automating of todividual clemente of prophylactic 
exatination, ensuring 4 conectiouse attitude on the part of the patiente toward ite 
perfor@ence, and fostering « Cire conviction of the necessity of performing It on 
the part of @edical workere. 
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RESEARCHING MULTIPLY CAUSES OF DEATH 


Yoseow ZDRAVOURMBANSNITE SURS1YOKOY FRDBRATGII in Sus@ian Ne %, 1980 pp 22-27 


{Article by V. i. Omttriyew and A. V. Sithol’ekiy, candidates of science, 
Republican Selentific Research Laboratory for Medical Demography (director, 


Professor %. &. RBednyy), Moscow Scientific Research Inetitute of Epidemiology 
and Microbiology, RSFSR Mintetry of Health) 


(Text) Analyete of quitiple causes of death has an taportant place among the 
@ethods of studying the death rate of a population. [tt ie well known that aost 
deathe are not the result of 4 single cause but of 4 complex of interrelated 
diseases. Thus, 4 single disease listed in the physician's death certificate as 
the underlying cause does not refiect all pathological processes which caused the 
death. In recent yeare along with « trend toward taprovement of the quality of 
selection of a sole cause of death, the inadequacy of the very principle of 
selecting 4 single cause of death hae beer observed. it guest be noted that 
“mitiple causes of death te often understood to sean only cases of competing 
causes of death, 1.e., cases which cause difficulty in selecting 4 single disease 
ae the underlying cause of death. In interuational practice the concept of 
@uitiple cauees of death includes the underlying cause of death, complications 
and contributing causes of diseases. 


Thie article presente the results of analysis of physician's death certificates 
iesued in one of the average cities outeide the chernoses belt in commection with 
death from dieease of the cireulatory syetes. tn 90.2 percent o° cases theese 
Gates were supplemented with gaterialie from the original gedical records and 
physician’ © certificates tesued in commection with death froe other causes, but 
only for dead who either died in the hoepital of underwent pathoanatosica! 
eva@ination there. Thie te due to the fact that death certificates aot related 
to cardlowaeceler pathologtee were sot eupplemented with aateriale from the 
origine!l Getical records, 4 fact which g@ade it impossible to werlify the accuracy 
ent completeness of theee physician's certificates. in order to etudy gultipi. 
causes of death, certificates teevued by hoepttal physicians, pathoenatosiste and 
@edicolega! emperte were osed. 


in order to ensure the comparability of the reeulte with official aaterialse or 
the caueee of Geath, the euieting rules on selection of the underlying disease 


e3 














NN _ = — 


and other dlagnestic terms (complications and causes contributing to death) were 


coded tadependentiy of each other. tn coding cases of death from malignant 
neoplasms we selected only the initial localization. 


The number of certificates with @ultiple cavees of death (certificates in which 
secondary conditions were indicated in addition to the underlying cause) was 85.6 
percent. 


The proportion of death certificates with @ultiple causes of death depends on a 
whole series of factors, primarily on the qoality and completeness of the death 
certificates. The age composition of the deathe ts a no less important factor 
infiwencing the frequency of gultiple causes of death. It has been established 
that with an inerease in the age of the dead the number of physician’s 
certificates with @ultiple causes of death increases and the proportion of 
certificates with a single cause of death decreases accordingly. Moreover, the 
proportion of certificates with qultiple causes of death aleo depends on the 
composition of the causes of death. It has been established that gost underlying 
causes of death are listed in conjunction with complications and contributing 
disesses and also with both together. These are basically chronic longtere 
diseases which lead to death ae the result of the development of fatal 
complications or the addition to them of other chronic disease contributing to 
the fatal outcome. 





The relative significance of certificates with single causes of death was 14.4 
percent. Among these were cases in which listing one cause exhausts all 
cirecwmstances of the death (acute diseases and accidents, poisonings and trauma). 
A number of aalignant neoplasms were recorded among single causes of death. The 
fact is that according to the coding rules in cases of death from this kind of 
pathology only the initial localization is coded when setastases are present. 
Consequentiy, in the absence of other complications and contributing diseases 
these cases are classified with examinations with a single cause of death. A 
Single cause of death was indicated in certificates for deaths from accidents, 
poleonings and trauma in 67.1 percent, from malignant neoplasas, in 27.4 percent 
and from other diseases, if 21.6 percent. 


Multiple causes of death were characterized by the presence of complications or 
contributing diseases. Here it should be noted that the frequency of recording 
complications and contributirg diseases depended on the basic disease. Fewer 
complications were recorded for deaths from accidents, poleonings, trauma and 
infectious diseases. The number of complications was aleo insignificant in 
deathe from galignant neoplases, a fact which is explained by the coding rules, 
ae already indicated. Chronic diseases such as disease of the circulatory 
syete@, reepiratory organs, genitourinary system and digestive organs reeult in 
death through complications as 4 rule. 


The distribution of deaths from @ultiple causes with respect to the number of 
secondary diagnostic teres demonstrated that in 39.) percent of the cases two 
other conditions were indicated in addition to the underlying disease; somewhat 
less often, one (36.3 percent). Three terme were recorded in 15.5 cases; four 
in 7.5 percent; 5 or gore, in 1.2 percent. The number of diagnostic terms 
secondary to the underlying disease also cepended on the underlying cause of 
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death. A single secondary condition was most .ften recorded in deathe from 
accidents, poleonings and trauma (85.3 percent), disease of the arteries, 
arterioles and capillaries (62.8 percent), @alignant neoplasms (56.7 percent) av 
hypertensive disease (52.8 percent). Five or more secondary diagnoses were noted 
in deaths from diseases of the genitourinary system (9.8 percent), rheumatien 
(5.7 percent) and diseases of the digestive organe (3.4 percent; table |). 


Contributing diseases were @ost frequently recorded in deathe from venous 
thromboses and emboliems (100 percent), vascular lesions of the brain (76.2 
percent) and myocardial infarct (61.8 percent). Of all (9890) encoded diagnosti. 
terms 37.1 percent were encoded ae the underlying cause of death; 26.4, ae 
complications; 36.5, as contributing causes of death (table 2). 


According to the data obtained, certain diseases are moet often indicated ae the 
basic cause of death and very seldom as a complication or contributing disease. 
Thus, diagnoses of walignant neoplasms are recorded ase the underlying causes of 
death in 90.8 percent of cases; syocardial infarct, only ae the under) ying 
disease; accidents, poisonings and trauma are underlying causes of deech .n %6. 
percent of cases; rheumatism in 91 percent; techemic heart disease , in 42.7 
percent. There are diseases which are seldom the underlying cause of death and 
which contribute to the fatal outcome significantly sore often than the 
underlying disease. Among these are, for example, hypertonic disease, which ts 
indicated as a contributing disease in 67.7 percent of cases, chronic sonepecific 
pulmonary disease (recorded as contributing in 71.0 percent of cases). 


Many diseases (disease of the digestive organs, genitourinary systee and 
circulation) are recorded to 4 practically identical extent both ae the 
underlying cause of death and as a contributing disease. 


The group of other diseases, which includes d‘sease of the endocrine glands, 
metabolic diseases, gental disorders and alconolies, diseases of the bones and 
joints and certain other diseases, is gore often given ae contributing diseases. 


The composition of complications and contributing diseases differs from that of 
underiying causes of death. When deathe are distributed by underlying disease, 
disease of the circulatory system (65.0 percent), accidents (1.5 percent) and 
malignant seoplasess (6.2 percent) are of greatest teportance. This amounts to «4 
total of 88.7 percent of ali cases of death from underlying diseases. 


Among causes contributing to death first place belongs to disease of the 
circulatory system (60.1 percent). In second place are other diseases (16.3) 
percent); disease of the reepiratory organs takes third place (15.9 percent). 
The share of aalignant neoplasms and accidents, polsonings and trauma in the 
composition of contributing causes of death is very e@all (0.6 percent each). 


Complications differ sharply from underlying and contributing diseases in 
composition (table 3). Deepite the fact that diseases of the circulatory systes 
comprise the gajority of 411 complications (6).8 percent), their composition 
differs from that of underlying causes of death and diseases contributing to 
death. 








Table 1. The Distribution of Deaths from Mitiphe Causes of Death in Te 
the Number of Secondary Diagnostic Terms (As Percentage of the 
Number of Deaths from a Specific Cause) 
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Nuaber of Findings On 
beath With Secondary 








——_iimanoetic Terms 
Gause of Death a ats ai» tn aah 
Infectious and Parasitic Diseases 0.0 104 4.0 2.0 
Malignant 6.7 W.5 9 #«6.7 1.2 
Disease uf the Circulatory Systern 29.2 43.5 16.0 8.4 0.9 
Rheumatisa 7.0 "9 22.5 9.9 5.7 
Hypertensive disease 2.86 1.8 1.8 1.8 i.8 
Ischemic cardiac disease 29.86 je.4 19.86 11.8 0.2 
infarct 23.1 3.9 23.0 16.8 1.2 
Vascular lesions of the brain as 9 17.7 4.9 1.3 
Disease of the arteries, arterioles 
and capillaries 62.86 22.1 9.9 4&1 14 
Venous thromboses ana embolism 4.5 DS. 28.6 =. -- 
Disease of the Respiratory Organs 43.2 33.5 4.8 5.2 3.3 
Including chronic nonspecific 
pulmonary disease vw wW2 18.44 4.3 3.1 
Disease of the Digestive Organs we YO 1.2 9.0 3.4 
Disease of the Genitourinary Systea w.7 «616 6022S OD 9.8 
Accidents, Poisonings and Traum 85.3 13.7 1.0 == == 
Other Diseases a.? 2 6.9 3.4 1.6 
All Causes %.39 W.5 15.5 7.5 1.2 
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Table 2. The Distribution of All Diseases As \nderlying Causes of Death, 
Complications and Contributing Causes (As Percentage of the Total 
Number of Specific Conditions 














pean — 
Contributiie 
Cause of Death Underlying Gomplioation _ vause 
Infectious and Parasitic Diseases 73.3 40.7 16.0 
Malignant Neoplasm 90.8 -- 9.2 
Rheum ties 91.0 -- 9. 
Hyptertensive disease 10.2 2.4 87 
ischemic cardiac disease 62.7 0.2 17.1 
Myooardial infaret 100.0 -- == 
Vascular lesions of the brain 69.0 18.5 i2.5 
Disease of the arteries, arterioles 
and capiliaries 18.5 18.4 63.4 
Venous thromboses and embolism 35.0 0 14.< 
Disease of the Respiratory Organs 17.5 3 62.2 
including chrunic nonspecific 
pulmonary disease 26.1 2.9 71.0 
Disease of the Digestive Organs ~.9 %.3 32.8 
Disease of the Genitourinary Systesa 22.3 %1.0 %.7 
Accidents, Poisonings and Trauma 96.7 — 3.3 
Other Diseases 9.4 7.2 83.4 
All Causes 7.1 26.4% %.5 














Table J. The Composition of Underiying Causes of Death, Complications and 
Contributing Diseases (As Pereentage of Total) 
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Gauge of Death Underlying Complication Vontribuling ditions 
infeetivue and Parasitic Diseases 1.5 0.3 0.3 0.8 
Malignant Neoplasm Oe =e 0.6 2.5 
Disease of the Circulatory Systea 65.0 83.6 60.1 68.2 
Rheumation 2.0 — 0.2 0.8 
Hy pertensive disease 1.5 0.4 13.1 5.4 
ischemic cardiac disease wW.0 0.1 24 15.3 
Myocardial infaret %.5 == -- 1.7 
Vascular lesions of the brain 22.4 68.4 9.6 12.0 
Disease of the arteries, arter- 
ioles and capillaries 4.? 6.5 16.4 9.4 
Venous thromboses 0.2 0.4 0.1 0.2 
Disease of the Respiratory Organs 4.4 7.2 15.9 9.3 
Including chronic nonspecific 
pulmonary disease 2.6 0.4 7.5 3.6 
Disease of the Digestive Organs 2.6 re | 2.8 14 
Disease of the Genitourinary Systen 0.8 2.2 1.4 1.4 
Accidents, Poisonings and Traum i7.5 -- 0.6 6.7 
Other Diseases 2.0 2.2 16.3 8.0 
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While techemic heart disease and vascular lesione of the brain have the greatest 
relative significance among the former, among complications it belongs to the 
group of other diseases of the cardiovascular system, which includes acute and 
ehronic cardiovascular tneuffictency, dieturbances of rhythe and conduction, etc. 


Of course, @elignant neoplasas, rheumaties, gyocardial infarction accidents, 
poisoning and trauma are not encountered among complications. <A very emal! 
proportion of compiicatione belongs to ischemic heart disease (0.1 percent) and 
infectious diseases (0.3 percent). Comparison of the two distributions of deathe 
in terme of the underlying cause of death and all recorded conditions gakes it 
possible to determine the advisability of analyses of aultiple causes of death 
and demonstrates what supplementary diagnostic diseases secondary conditions may 
add to causes of death. 


When all recorded conditions are taken into consideration in the composition of 
causes of death the proportion of diseases of the circulatory system increases 
from 65 to 68.2 percent (chiefly because of complications among which the main 
role belonge to the group of other diseases of the cardiovascular system); 
disease of the reepiratory organe, from 4.4 to 9.3 percent (because of 
contributing diseases, among which firet place belongs to chronic nonepecific 
pulmonary disease), disease of the digestive organs, froe 2.6 to 9.3 percent 
(because of complications); disease of the genitourinary systes, from 0.8 to 1.4 
percent and other diseases from 2 to 8 percent. 


When all recorded conditions were taken into consideration the relative 
significance of malignant neoplasms, accidents, poisonings and trauma and of 
infectious and parasitic diseases decreased. 


Of great significance io *he study of gultiple causes of death is detection of 
the @ost ig@portant, gost ofte. encountered combinations of underlying causes of 
death with complications and contr‘buting diseases. Analysis of the basic causes 
of death (disease of the circulatory system, aalignent neoplasms and diseases of 
the respiratory organs) wade it porsible to detec. their sost frequent 
complications and contributing direases. 


In all, in deathe from disease of the circulatory systes, 4406 secondary 
conditions were recorded, including 62.3 complications and 37.7 percent 
contributing disesses. Among complications ing Oo: contribut! @ to death in 
disease of the circulatory system, complications beionging to the group of 
cardiovascular diseases were encountered gost frequently (87.6 percent). 
Complications Associated with pathological changes taking place in other organs 
and eyetems were recorded significantly often. Thus, diseases of the respiratory 
organs which are complications of disease of the circulatory system were noted in 
’.2 percent of cases; disease of the digestive organs, in 0.8 percent; disease 
of the genitourinary system, in 0.3 percent and other diseases, in 4.1 percent. 


Among complications belonging to the group of diseases of the circulatory systes, 
acute anc chronic cardiovascular ineuffictency comprise the gajority (63.6 
percent). Cerebral hemorrhages are in second place (10.1 percent); sext come 
cerebral thromboses (5.1 percent), cardiac fibrillation (4.4 percent); 
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thrombosis of the coronary arteries (3.1 percent), pulmonary heart (2./ percent), 
thrombosis of the femoral artery, with subsequent gangrene of the lower 
extremities (2.8 percent), softening of the brain (1.9 percent), cardiorrhexis 
(1.8 percent), thrombosis of che mesenterial vessels with subsequent gangrene of 
the intestine (1.6 percent), thromboembolism of the pulmonary artery (1.2 
percent) and other complications (i./ percent). 


Study of the basic disease with the contributing diseases which intensify ite 
course to 4 significant degree is of important practical significance. Firat 
place among contributing diseases in deaths from cardiovascular pathology belonge 
to disease of the circulatory syetem (73.2 percent); second, to disease of the 
respiratory organs (14.0 percent); third, to other diseases (5.1 percent). Next 
come diseases of the digestive organe (3.4 percent), genitourinary system (1.9 
percent), accidents, poisonings and trauma (1.2 percent), aalignant neoplasms 
(1.0 pereent) and, finally, infectious and parasitic diseases (0.2 percent). In 
the clase of diseases of the circulatory system, disease of the arteries, 
arterioles and ca,illaries is often encountered (41.8 percent), hypertonic 
disease (34.4 percent), techemic heart disease (14.3 percent), and vascular 
lesions of the brain (9.1 percent). It should be noted that death from ischemic 
heart disease often is promoted by lesions of the brain and conversely, death 
from vascular lesions of the brain, by iechemic heart disease. 


In deaths from malignant neoplasms 74.5 percent complications and 25.5 percent 
contributing diseases were recorded. Cancerous cachexia and intoxication has an 
important place in the structure of complications in deathe from salignant 
neoplasms (in 57.4 percent); pulmonary-cardiac ineufficiency (in 17.8 percent) 
and chronic cardiovascular insufficiency (in 6.4 percent). Among other 
complications brain edema, peritonitis and hemorrhages are sost often 
encountered. techemic heart disease (33.3 percent) and arteriosclerosis and its 
manifestations (15 9 percent) have an important place in the structure of 
diseases contributing to death from aalignant neoplas@s. Disease of the 
respiratory organs contributed to death in 6.2 percent of cases. 


In deaths from disease of the respiratory organe 7.14 percent complications and 
28.6 percent contributing diseases were recorded. Among complications, an 
important place belongs to acute and chronic pul@onary-cardi.c and 
cardiopulmonary ineuffictency (76.4 percent). In 16.4 percent of cases of death 
from disease of the respiratory organe other complications contribute. 


Of greatest significance in the structure of contributing causes is ischemic 
heart disease (5*.2 percent of all contributing diseases). 


Thue, the results of study of aultiple causes of desth showed that analysis of 
them gives valuable inforgation supplementary to the of. ‘1 gaterials on the 
causes of death, and promotes detection of the gost iaportant and sost frequently 
encountered combinations of an underlying Jisease with complications and 
contributing diseases. 
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NEW BOOK OUTLINES PLACE, SUBJECT MATTER OF MEDICAL DEMOGRAPHY 
Moscow SOVETSKAYA MEDITSINA in Russian No 10, 1980 pp 122-123 


(Review by S. Ya. Preydlin of the book “Mediko-demograficheskoye izucheniye 
naseleniya” (Medical-Demographic Population Analysis) by M. &. Bednyy, Moscow, 
iadatel'stvo "Statistika, 1979, 224 pages) 


‘Text] This book is devoted to the pressing problem { medical demography. Chapter 1 
describes the content of demography and its intimate relationship with social hygiene, 
and it critically evaluates the extreme sociologization of demography. We can agree 
with the author's opinion that medical demography, being a science intermediate 
between medicine and demogrephy, must be included within the composition »%f social 
hygiene, organizing public health as a science and a subject of instruction. i 
author sees no grounds for the assertion that public health organization does not 
have its own subject of research, and he emphasizes that “the rural physician must 
know how to give advice and take a part in questions concerning marriage and family 
matters, general and medical-hygienic education, sex education, sensible job place- 
ment fo lowing illnoess, and the work-rest schedule--that is, he must provide not 

only therapeutic but also medical-socia) care.” 


This chapter also presents the problem of medical geography--studying the population's 
health and ability to work. The population's aging process, observed in recent years, 
is known to reflect itself mainly on the sige of the economically active population. 
At the same time it has been persuasively demonstrated that we are not making ade- 
quate use of the labor of the elderiy. Analysis of their health and ability to 

work requires considerable effort and resources. The suthor validly cites, as the 
main difficulty, absence of objective and persuasive criteria to se ve as indicators 
of the effectiveress of public health. The formal .pproach to studying the so-called 
sconomic effectiveness of public health (reduced incidence »f certain diseases, a 
decrease in morbidity involving temporary incapacitetion, anc so on) is criticized 
rtth full qrounde. 


hapter 2 illuminates the estate of health in the modern world. The criteria of 
healt are described. In addition to the traditional demographic incicators, a 
lirection is described--potential demography. Chenges in bi.th rate, life span, 
‘ saueee of death are examined. Trends in child morcelity in different countries 
fescribed. 


chapter 3 is devoted to health trends in the USSR. It presents the basic Laws 
governing t ve present dynamics of some indicators: birth rate, death rate, and 
‘verage life span. The chapter ends with a discussion of a highly important is. :ue-- 
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the factors responsible for differences in the life spans of men and women. That 


women have @ longer life span is substantiate’, and the ways for correcting the 
inconsistency are examined, 


Chapter 4 describes the results of researen on population morbidity. Imperfections 
in the method for studying general population morbidity are subjected to sharp 
criticism. This method ie one of meaningless statistics, requiring nothing more 
than classifying primary diagnoses and tabulating hospital visits. The author 
asserts “...that general morbidity statistics based on visitation frequency do 

not and cannot have analytical, scientific simificance” (p 157). This is a long- 


running debate, and the proponents of this metnod are becoming increasingly fewer 
in number. 


A special section is devoted to morbidity studies on individual occupational groups. 


A section On morbidity prognosis raises some argument. The author feels that it 
is rather difficult to predict morbidity. We should add to this that it is also 
hardly possible to do so. 


The section “Heart Diseases as a Medical-Demographic Problem" prerents sources of 
information dealing with heart diseases and the demographic aspec »f cardio- 
vascular pathology. 


The book is written knowledgeably, and in good language. It will be read with 
interest by public health physicians and organizers. 
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The influence of Ue intticete comples of demographic and 
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The book contains extensive statistics of Merbidily, disepility, and mortality, 
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CURRENT TRENDS IN DEVELOPMENT OF BADIOPROTECTIVE AGENTS (LITERATURE SURVEY) 
Moscow PARMEAKOLOGCTYA | TORBSIEOLOCTYA in Russian Bo 2, 1980 pp 244-249 
[Article by ¥. G. Viedimivow and T. G. Layteewa) 
{[Temt] tt te primarily the fact that the known radioprotective agente 
either have ineuffictent radiopretective efficacy of taduce development of 


4 umber of toxic or side effecte when given in the recommended doses 
that prevent the wide wee of radioprotective agents in medicine. 








of druge that correct their pharmacological activity. 


Almost 10 years hawe paseed since the analytical survey of MH. V. Vasin et 
al. (1970) was published, 
formulas. This period wae 
and better knowledge sbout 
addition, sew products have been found 
the possibility of deweloping gore eff 



















their basis, Por this reason, the following question appeare te have 
validity! whel are the current treade in development of radioprotective 
formulas, and have basically sew views appeared about this problems! 


Our objective here was to try fe give a6 anewer to thie question, wen a 
eursery look through the relevant literature indicates that sulfur-contain= 
ing BPA (eystamine, ART cystaphos and others) still constitute the 
majority of fadieprotective formulas, Most often, products from the clase 
of indoly! alkylamines are used ae another component, and their sechanice 
of radioprotective action ie bastcally different from that of eulfur- 
containing compounds, The high radioprotective activity of ecyetamine 
(eyeteamine), ART of cystaphos, when given together with indolyl alkyle- 
wines, has been known for 4 long time (1. Ff. Semenow, 1964, 1968; I, &. 
Byskovekaye and A. V. Bogatyrev, 1965; F..G. Therebohenke, 1964, and 
others). It can alee be considered firmly establish that the synergicn 

of radioprotective action of these BPA is related to more effective 
protect.on of radiosensitive tieewes (5. Pf. Yarmonenko and CG. M. Ayrapetyan, 
1966; Maisin and Lambiet-—Ceollier, 19674, by Meiein et 41., 1968). Mever- 
theless, many aspects of the action of euch formulas remain unstudied 

to date, particularly questions related to optimization of proportions of 
components and parametere of protection in the case of exposure to super- 
lethal doses of radiation. According to Dostal (1969), Dostal and Menk! 
(1971), combined administration of cystamine and senamine provides 
virtually 100% protection of @ice exposed to doses in the range of 900 to 
1100 8, and to obtain ower 50% animal survival when exposed to 4 dose of 
1300 8. Using the gethod of isobolic diagrams for analysis of radioprotec- 
tive and toxic action of BPA, these authore were able to demonstrate the 
nature of change in toxicity and protective effect of the prescription 

es 4 function of the proportion of products weed in it. In all wariante 
of experiments, synergies of radioprotective effect of RPA was obtained; 

at the came time, such wmidirectional action wae absent with reepect to 
toxicity. Thus, if there is prewalence of cystamine in the combinat 
one observes lower toxicity (i.e., ganifestation of antagonies in action 
of the products), while with imerease in dosage of sexamine the 
temicity of the giature increases. 








L. ¥. Semenow et a1. (1972) demonstrated that it is possible to provide 
protection against superiethal doses of radiation with the combined use 
cystaphos (540 mg/kg) and aexamine (50 ag/tg). Preventive administration 
of this complex to eice prior to exposure to 10590-1100 B radiation pro- 
tected 35-501 of the animale. Addition to this complex of sodium sitrite 
enhanced ite efficacy even gore, and in 4 sumber of cases resulted in up to 
70% animal survival, ewen when the products were given by gouth. Many 
radiobiologiste have studied the protective action of 4 combination of ART 
and indoly!l alkylamines (Pf. G. Dherebchenko, 1964; 5. P. Yarmonenko, 1965; 
Wang and Kerejakes, 1962, and others). The opinion has been woiced that 
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the fadloprotective action ef the above products is enhanced when they 
are given if combination (1, G. Krasnykh et ai,, 1962; 8. FP. Yarmonenke, 
1965). Thus, survival constituted at least 60% among wice exposed to 
1100 & radiation and given sexnamine preventively in 4 dosage of 75 — 
with ART in @ dosage of 30 ag/kg, whereas separate wee of thie agents 
resulted in survive! of only 25% at best. FUD [dose reduction factor), 
calculated according to LD, rose from 1.5 to 1.8 (8. FP. Yarmonente, 
1965). A. Vv. Biya ef a (i833), Banthe et a1, (1972) made gore compre= 
hensive studies of the efficacy of « complex consisting of mexamine and 
ArT weed in different doses, According to their results, at least two 
conclusions can be derived. in the first place, they confirm date per 
taining te the high radioprotective activity of thie complex (70-907 
survival of experimental mice) with substantial reduction of dosage of 
these agents, a8 compared to the optiqum radioprotective levele (up to 
40 mg/kg for ART and 10 ag/ke for senamine), which should unquestionably 
be considered the result of enhancement of the radioprotective action of 
the agente (Santha et 41., 1972). in the second place, there wae demon- 
stration of the possibility of obtaining 4 high protective effect (up te 
70% survival of irradiated eice) when the BPA are given by south (A. V. 
Ziya et al., 1973), @ cirewmetance that ie of extreme importance, froe 
the standpoint of clinical gedicine., Wowever, by far sot 4)! eulfur- 
contai agents have the capacity to enhance the radioprotective action 
of indolyl alkylamines. in particular, the combined use of etiron and 
sexamine (P. G. Zherebchenko et 41., 1968), does not demonstrate thie 
effect, and in the authors’ opinion thie ie related to the unidirectional 
effect of both agents on the cardiovascular systes. 








Maxi@um radioprotective activity was observed in 4 complex with three com- 
ponents: Gexamine + ART + cyetaphos (FP. PF. Lyarekiy et a21., 1970). In this 
case, virtually 100% survival of mice was obtained, even when they were 
to 1200 8 radiation. A eixture of ART (50 ag/ke), cystaphoe 

(150 mg/kg) and sexamine (5 ag/ke) provided good protection for animale 
over 4 significant range of radiation doses, from 1100 to 1700 &. The 
same agents, but used in somewhat different proportions (25 ag/ke AFT, 

25 mp/ke @exanmine and 175 ag/ke cystaphos) aleo presented high protect ive 
activity (5. ?. Yarmonenko, 1969). T. B. Pugachewa et a1. (1972, 1973) 
made 4 gore detailed study of the formula for euch 4 complex. It wae 
established that high radioprotective activity wae retained, ewen when the 
dosage of cystaphos was reduced to 150 ag/kg and gexamine to 4 me/ke. A 
comparative analysis of the radioprotective action of thie complex with 
1.5= and 2-fole inerease in of all componente rewealed that, in 
thie case, one ould obteina survival of gice, ewen with exposure to 
supralethal doses of radiation (1700 &). A rather high efficacy of the 
complex wae obserwed ewen when the anigale were exposed to 2000 BR. A 
parallel study of toxicity of the complex agade it possible to determine 
ite optimum variant (6.2 ag/ke wexamine, 37.5 mg/kg ART and 225 ag/ke 
cystaphos) with « range of therapeutic action of about 2. Apparentiy, 

we can relate the possibility of enhancing the protective effect by 
changing the proportion of different componente in the complex without 
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4 Corresponding imefease in tonicity to the gore faverable redistribution 
of suifur-eonteining fadiopretective aenets in the bedy wader the influence 
of wexamine (i, 8, Pauper et al., 1972) G. M. Aprapetyan et a)., 1969), 


A formula consisting of ALT, cystaphos aod @examine is, unfortunately, 
characterieed by 4 father high  wmlaetive dese, However, if cyetaphos 
is replaced with cystamine (Deetal, 1969), one can reduce the total 

dose of the prescription without altering ite protective properties. Por 
example, one can obtain 80-100% survival of mice exposed te radiation in 
doses of 900 to 1100 B by weing the following combination: 100 ag/ke 
eystamine, 10 mg/kg serotonin and 20 ag/ke ART. The high efficacy of the 
above two- and three-component complexes te undoubtedly attributable to 
better conditions ef protection of radiosensitive tisewes and, firet of 
ail, bone marrow, #6 indicated by the correlation between indices of 
animal survival and oumber of ayelokaryocytes in bone aarrow, a6 well as 
sumber of endogenous colonies in the spleen (L. F. Semenow et 4)., 1972) 
Pr. P. Lperekiy et 21., 1970). Ae @ rule, there wae complete recovery of 
histe tissue of bone aarrow, spleen and thymus of protected onimale 
by the postradiation day, although sormalization of lyaph sodes and 
Peyer's patches had not occurred at thie time (Maisin, 19684, b). 


There have been seweral etudies of radioprotertive formulas containing 
histamine. The authors of these studies were not by any geans gowerned by 
a desire to develop formulas for clinical medicine; a6 4 rule, their cb- 
to determine some aspects of the gechaniem of action of 
RPA. Wevertheless. some interesting data were obtain that had « direct 
bearing on the problem of development of radioprotective formulas. In 
particular, it was established that histamine enhances the protective 
action not only of sulfur-containing products, but ind ly! alkylamines 
(?. G. Dherebchenko, 1971; T. G. Zayteewa, 1974; Langendorft, 1977; 
Therebchenko and Zaiteeva, 1970). Thus, there wae 4 40-50% increase in 
survival of @ice exposed to einigum absolutely lethal dose of radiation 
with preventive administration of cystamine combined with histamine, while 
PUD rose to ? (a8 compared to 1.6 for cyetaemine aione). Ye. 8. Goncharenke 
et ai. (1970), P. G. Therebchenke and T. G. Zayteewa (1970) and T. GC. 
Zayteewa (1974) demonstrated that histamine playe 4 certain role in 
formation of both the radioprotective and tonic effect of cystamine, 
cystaphos and sexasine. Prewitt and Masacchia (1975) relate the 
greater preventive effect of formulas that include histamine to hie hypoxic 
infilwence on radiosensitive tissues. 












Studies of the radioprotective effects of sulfur-containing compounds and 
indolyl alkylamines used in combination rewealed that there was not 

only am increase in the protective effect, but prolongation thereof. GC. H. 
Ayrapetyan et ai. (1969) obserwed that the high radioprotective ef ffect 
(80-85% surv.val of animsis) of 4 complex consisting of cystaphos 

(3590 mg/kg) ond mexamine (60 ag/kg) wae manifested for } h after hypoder- 
mic injection, whereas the effect of the products given separately 
diminished drastically vithin i-1.5 h. Prolongation of the protective 

















effect wae observed after intfraperitenea! injection ef cystamine combined 
with wemamine (Vaces et a1., 1975), as well ae intragastric administration 
of 4 @ixture of cystaphos, @examine and sodium witrite (L. F. Semenov et 
ai., 1972). tvidently, the vaseconstrictive effect of sexamine plays «4 
father important role in prolonging the protective action, and as 4 result 
of thie effect there is siower elimination of BPA from tissues and the 
body a6 4 whole (0. HM. Ayrapetyan et 41., 1969; V. V. Mordukhowieh, 1975), 


Analysis of data pertaining te the combined wee of BPA shows that APT, 
eystamine and seroi min constitute the active part of @ulticomponent @ix- 
tures, Glutathione, cysteine of aminasine are added to the formula 

more for the purpose of lowering tonicity than enhancing their protective 
effect (Maiein, 19684, by Maiein et 41., 1968; Maiein and Mattellin, 1967; 
Vogel et a1., 1969, Hasegawa and Vang, 1971, and others). Such four=, 
five= and sis-component @ixtures have high radioprotective activity 

and are tolerated satisfactorily. Their FUD, calculated according to 
WDeesags Peaches significant levele (from 1.4 to 3.0), which is indicative 
of h radioprotective activity of euch formulas in cases of supraiethal 
doses of radiation ‘Duplan et 41., 1976; Matein et al., 1971) Maiein, 1975). 


The mechanies of enhancement of radioprotective action of thiols and indoly! 
aikylamines when given together is net yet determined. in the opinion of 
Langendorff, thiole, particularly ART, enhance the pharmacological action 

of indole compounds due to depression of gonoamine oxidase activity, as 

@ result of which better conditions are created for protection of the gastro- 
intestinal tract (Langendorff, 1970; H. Langendorff and ™. Langendorff, 
1973; Pleak and Rosenkoetter, 1969). It wae established that 4 combina- 
tion of wariows BPA elicite gore marked depression of DNA synthesis and 
extension of the cell cycle of stem celle of the emall intestine (Naicin 

and Mathelin, 1967; Maiein and Lambiet-Collier, 19674, 6b). At the present 
time, @ certain role is attributed to the adenyi-},5<adencsine sonophoephate 
system in the gechanies of radioprotective action of the gost effective 

RPA, cyetaemine, serotonin and AFT, and, consequentiy, of complexes based 

on thee (8. Langendorff and M. Langendorff, 1971). These data are con- 
sistent with the find of NeManus and Whitfield (1969), Sutherland 

(1970) and Mitenege (1973), who establiehed that it was possible for cAMP 

Lo hawe an inhibitory effect on DHA eynthesie and proliferation of hemo- 
poietic celis. At the same tie, euch ⸗æ hypothesie by ao means contradicts 
the conception existing in radiobiology that gixed diesulfides play an 
important role in the protective effect of eulfur-containing RPA. 





When developing radioprotective formulas, ome gust take into consideration 
the pharegacodyaamice of products, their interaction. Thus, the peake of 
protective action of sulfur-containing projucte and indolyl alkylamines 

40 aot coimcide in time, oo that it is desirable to adéminieter thee at 
differet preradiation times, when used in combination. In the case of 
parenteral administration, it is uweually recommended that eulfur-containing 
products be given 15-30 ain before irradiation and indoly! alkyaisines 

5-10 @in before (Ye. A. Dikowenke et a1., 1972; Maiein et al., 1971; 











Pospicsil and Wetikova, 1976). The different rates of absorption and 
elimination of the products may also have an appreciable influence on their 
radioprotective activity. In particular, when cystamine and mexamine 

are given simultaneously by mouth, the latter makes absorption difficult, 
as 4 result of which the effect of the complex does aot exceed appreciably 
the protection provided by each of the products separately (8. I. Davydov 
and V. A, Koslev, 1973). 


Since sulfur-containing RPA are etill the most acceptable for clinical 
use (by virtue of theit capacity te protect the body when given by south, 
stability when stored, rather long action, ete.), of great interest are 
studies dealing with the radioprotective effect of various combinations 

of sulfur-containing RPA. Radioprotective activity was observed with the 
use of cystamine or cystaphoe combined with cysteine (P. G. Zherebchenko et 
al., 1973), mercaptoethylguanidine with cysteamine (Takagi et al., 1971), 
cystaphos or ART with aminopropylaminoethy!l thiophosphate (P. CG. 
therebchenko et a1., 1976). A high radioprotective effect of these sixtures 
was observed when animale were exposed not only to sini@um lethal, but 
supralethal doses of radiation. These resulte indicate that the aaxiaum 
protective action (so-called saturation effect) observed with the use of 
sulfur-containing RPA can be exceeded by 4 combination of products similar 
in chemistry. The possibility of @utual attenuation of toxicity is an 
important justification for the combined use of thiol compounds. in 
particular, the combined use of aminopropylaminoethy!] thiophosphate and 
cystaphos (PF. GC. Zherebchenko et a1., 1976), AET ond sercaptopropyigiycine 
(Santha et al., 1972), ABET and 2—mercaptopropionyigiycine (Satanyik and 
Santha, 1976), sercaptoethylguanidine and cysteamine (Takagi et a1., 1971), 
cystaphos and ART (T. WN. et al., 1972; T. SN. Pugacheva, 1971), 
AET and cysteine (Santha and Setanmyik, 1972; Setanyik and Santha, 1976) 
makes it possible to reduce toxic and certain side-effects induced by 
these agente when given separately. 











Of great interest are data concerning the radioprotective action of sulfur- 
containing RPA combined with certain biopolymers, hormone preparations, 
nucleic acide and ATP. 8. P. Lukashin and T. K. Deharak’yan (1973) ob- 
served distinct enhancement of protection following the combined adminie- 
tration of cyetamine (30 ag/kg) and heparin (250 ag/kg). The PUD of this 
complex constituted 1.6, according to the survival rate of irradiated 
mice. These authors relate the enhacing effect to intensification of 
proliferative processes in lymphoid tissue and pool of colony-forming 
wnite of bone aarrow (8. PF. Lokashin, 1974; 8. P. Lukeshin and L. I. 
Nenarokowa, 1977), which is apparentiy due to the stimulating influence 
of heparin on synthesis of DNA, RHA and proteins (R. I. Salganik et al., 
1962; Allfrey and Mireky, 1955; Zimmerman and Celozzi, 1961; Benes and 
Rot rekiova, 1970). 


A high radioprotective effect (93% survival) was obtained in experiments a@m 
mice exposed to radiation in 4 dose of 850 BR with the use of ATP combined 
with AET and serotonin (1. Bayew and D. Benowa, 1975; Benowa, 1976). 











The desire to obtain the @axiqum radioprotective effect makes it necessary 
to wee 4 product in 4 formula in amounts that often correspond to ite 
meviqum tolerated dose, Such an approach to development of formulas is 
attributable to the lack of sufficiently substantiated methods for 
selecting doses of APA when weed in combinations, We can cite only a 

few works in whieh studies and analysis are wade of the toxicity of radio- 
protective @ixtures (C0, V. Kalietratew et al., 1972; T. B. heva et 
ai., 1972; P. G. tnewebehenke et a1., 1974; T. G. Zayteewa, 1974; Dostal 
and Mencl, 1971) of pharmacological characteristics thereof are described 
(Kuna and Vonrowhlicky, 1969; Kuna and Vodicka, 1973; Kuna, 1975, 1976). 
Yet toxic signe may be quite marked. Considerable impairment of hemo~ 
dynamice was observed by Hasegawa and Wang (1971) when animale were given 

@ ®ixture of ART, cyetamine and serotonin (in doses of 100, 120 and 40 mp/ka, 
respectively). The animale developed a state of shock and death weually 
occurred within 20-30 min after administration of the products. Since 
radiation can intensify the toxicity of some RPA, there is an urgent need 
to develop formulas including corrective agents. in the last few yeare, 

it was shown that druge can attenuate substantially manifestation of 
toxicity of RPA with virutally no change in radioprotective activity. 

The most important results in thie direction, which are of definite prac- 
tical interest, were obtained in the laboratories of FP. G. Zherebchenko, 

P. P. Sakeonov, L. A. Tiunow and others. It was established, in particular, 
that hormones (PF. G. Zherebchenko and T. G. Zayteewa, 1967; T. G. Layteeva, 
1974), barbiturates (Yu. Ye. Serel'nikow et a1., 1969; P. G. Zherebchenko 
et al., 1968, 1974; &. M. Gmirnowa et al., 1975; T. G. Zayteewa, 1974), 
antihistamines (?. G. Therebchenke and T. G. Zayteeva, 1970), ae well as 
tranquilizers (Ye. A. Cherepkow and P. G. Zherebchenko, 1972; Ye. M. 
Cherepkov, 1973), amino acide-<cyeteine and glutathione (P. G Zherebchenio 
et al., 1974, 1976; Maiein et a1., 1968)--anl certain other pharmacological 
antagoniste (Santha and Setanik, 1970, 1972) may have a beneficial effect 
on tolerance of BPA. We can expect 4 beneficial effect of euch drugs 

when they are used in complex, sulticomponent formulas. This is backed 

up by data pertaining to the possibility of lowering the toxic effects 

of radioprotective @ixtures by including cysteine and glutathione in thee 
(Maisin et al., 1977; Duplan et a1., 1976). Attenuation of the toxic effect 
with the use of low molecular thiols is attributable to their capacity, 
firet of all, to diminish acewmulation of sulfur-containing RPA in the 
brain (?. G. ZTherebehenke et 41., 1974). A beneficial effect was aleo 
demonstrated with the use of aminazine in 4 complex with AFT, cysteamine 
and serotonin (Hasegawa and Wang, 1971). 


in summary, it should be stated that, at the present time, it is only by 
developing radioprotective formulas that a better chemical protective 
effect can be obtained with exposure to ionizing radiation. In the iast 
few years, gost authors have proceeded along the ioute of development of 
multicomponent formulas. Such formulas are based on sulfur-containing 
RPA, with inclusion of radioprotective products with 4 different mechanics 
of action and pharmacological agents that attenuate the side-effects and 
toxic effects of RPA. Much attention is being devoted to the etudy of the 














mechanion of action and reciprocal influence of different componente in the 
formulas, 48 well a6 the effecte of enhahoement, summation, ete. All thie 
makes it possible to select substances contained in the formulas with 
greater justification and purposefulnese, and to determine the dosage 

of different components in radioprotective formulas. 
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of not just one structural laprint but 4 complies set of systemic structural imprints 
that alternate with one anhether and deepiy aiter the countenance of the organi am-= 
they form ite phenotype over certain @ere or less lengthy intervals of time, 


it i6 significant that the systemic «'+uctures imprint, which playe the main role 

in specific adaptation namely to the given concrete environmental factor, forme with 
the necessary participation of the nonepecific strese syndrome, which normally arises 
in the presence of any significant alteration in the environment. In this case the 
stress syndrome on one hand potentiates formation of a new systemic structural im- 
print and development of adaptation, while on the other hand it promotes, through 

ite catabolic action, “erasure” of old systemic imprints that have lost their 
biological significance, Thus thie syndrome is a necessary clement of the integral 
mechanicm of adaptation-deadaptation of the body in relation to a changing habitat, 


it play® an important role in reprogramming the adapative possibilities of the body 
for solution of new problems posed by the environment. 


This interpretation of individual adaptation as a dynamic process lasting through 
one's entire lifetime provides the grounds for distinguishing the principal stages 
of this process, and the adaptation diseases that are the most probable in each of 
these stages. 





The first stage of immediate adaptation is typified by mobilisation of pre-existing 
adaptation mechaniemse--hyperfunction--or initial formation of a functional system 
responsible for adaptation. Despite it» imperfections, this structurally unsupported 
hyperfunction provides the organiem 4 possibility for “holding on” wntil development 
of long-term adaptation. in behavioral terms, thie stage consiste of wasteful, and 
only ccceasionally successful orientation reactions; in terms of adaptation to 4 
physical load, this stage oan be described as one of work raised to the limit, to- 
gether vith maxig@um minute circulatory volume and respiration, a high, ciose-to- 
critical bleed lactate concentration, and so on. There are three elements lying at 
the basis of thie initial etege: hyperfunction of the system specifically responsi- 
bie for adaptation to the given factor, the stress syn‘rom, and disturbance of 
functions resulting from the homeostatic changes occurring. 


Obviously when some element of 4 system called upon to participate in 4 reaction to 
@ fnew environmental factor suffers a congenital or acquired deficiency, immediate 
adaptation say be so imperfect that the organism falls ill or avoids solution of 
the problem dictated by the environment, diseases associated with adaptation un- 
fulfilled may correspond to these situations. 


The second stage, transition from immediate to long-term adaptation, is typified by 
activated synthesis of nucleic acids and proteins in celis of the system speci fi- 
cally responsible for adaptation--enlargement of the capacity of thie dominating 
system and gradual abatement of the stress syndrome. Stable adaptation develope 
subsequently in most cases. 


However, the transitory stage may drag on in so-called “irresolwable situations,” 
in which the factor acting upon the organiem is excessive in ite strength, or where 
the situation arising in the environment is excessively complex, thus making the 
required adaptive reaction uwnrealizable. in such situations an effective functional 
system and 4 systemic structural imprint do not form. As 4 result the initial 
disturbances in homeostasis persist, and the stress syndrome stimulated by them 
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Tt is important to consider here that tse possibility of adaptation’'s transition 
into disease--the relative cuitability of adaptation--does not provide the grounds 
for a pessimistic evaluation of this process, since the body does manage to adapt 
successfully to most real situations in the surrounding environment. That the 
body's evolutionarily determined 


the fact that the body possesses 
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finally, even prolonged stressful adaptation to 4 continuously operating envi ron- 





Obviously, active prevention of adaptation diseases by man may 
if we capitalize on the natural physiological mechaniems 
resolves this problem. In addition to behavioral mgechaniems promot timely escape 
from extreme situations and harmonious development, systems that limit or weaken the 
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metabolites produced by antistress systems into the 
stressful situation, or during it, thus preventing stress-related injuries. 














Prevention of Btrese=Melated Injuries 


The notion that stress plays 4 role in pathology is so popular that it often de- 
tracts fesearchers from its fundamental, evolutionarily determined role as an ele- 
ment of adaptation, and keeps them from coneentiating their attention on the highly 
important circumstance that @ost people and animals, wren placed in so-called ir- 
resolvable situations, do not perish, instead acquiring 4 Certain degree of resistance 
to these stressful situations, and not perishing. 


Such stressful situations, taking the form of prolonged periods of starvation, cold, 
natural disasters, and interspecific and intraspecific conflicts are always broadly 
represented in the natural habitat, to which animals have adapted themeelves success~ 
fully. The qualitatively more-complex socially determined stressful situations of 
the habitat of Homo sapiens are represented no less broadly. I fact, in just the 
recent, relatively short segment of its history, mankind has passed through pe: iods 
of slavery, serfdom, and world wars, but it has hardly undergone degeneration, 

thus demonstrating the high effectiveness of adaptation to so-called irresolvable 





tions, and consequently the organiem must possess sechanieme insuring adaptation to 
etrese itself. 


peated action of severe stress factors such as immobilization or pain, the degree 


more each time (40, 44). Thus the first injection of formalin into skin of the 

back causes rate to increase the concentration of corticosterone in 

by 4 factor of 4.5, while the 224 through 27th injections have no uence 
tration of the hormone at all. Guch cessation of the fi reaction 

have anything to do with exhaustion of the adrenal glands--injection of 
animals adapted to pain produces a higher increase in blood corticosterone 

concentration than in control animals. These data suggest the thought that one of 


infl 
ret 


pain and other stimuli, production of releasing factors, ACTH, and consequently 
corticosterone and catecholamines. Inhibitory mediators--GABA |gamma-aminobutyric 
acid), glycine, dopamine, serotonine, and encephalines--are synthesized and dis- 
charged by systems of inhibitory neurons in the brain. It may be presumed that these 
inhibitory systems of the body are precisely what limit the stress syndrome and 
play 4 certain role in adaptation of the body to irresovable, at first glance, 
stressful situations. 


In similar fashion, regulatory systems represented by the adenine nucleotides, 
prostaglandins, and antioxidant systems operate on the periphery; playing the role 
of modulators, they limit the effect of catecholamines, thus averting stress- 
related injuries. 


Studying adaptation to stressful situations, I experimentally demonstrated that at 
least two of the mentioned systems--the GABA-ergic system of the brain (18) and the 
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tissue antionidant system (19)=--are in fact activated in the presence of the most 
diverse stressful situations, and that the metabolites of these systems may preveit 
stress-related injuries to the body, and mainly stress-related gastric ulcers and 
disturbances in the structure and function of the heart (16). This result was 
made possible owing to development, in recent years, of the hypothesis that strese- 
related injury to the heart and other organe followsa pathogenetic chain of events: 
Blockage of certain links of this chain by antistress metabolites and other 
chemical factors can avert stress-related injuries. The pathogenetic chain of 
events leading to strese-related injury, diagramed below, svmmarizes data obtaine: 
Mi fesearch on the me \eholiem, functions, and structure of the heart of animals 
surviving severe emotional and painful stress,* reproduced in the form of so-called 
anniety neurosis by Desiderato's well-known technique (34). The main feature of 
the stressful situation created here is that for several hours the animal antici- 
pates 4 painful electric shock, and it does in fact receive such shocks after 
random intervals of time. 


The diagram shows that in the presence of such influences, arousal of higher auto- 
nomic centers responsible for a stress reaction leads to multiple enlargement of 
the concentration of catecholamines in blood (the first link). 

Catecholamine action upon adrenoreceptors (the second link) located in the sarco- 
lemma of the myocardium causes, in addition to the known consequences of activa- 
tion of the adenyl cyclase system, development of a highly important phenomenon-- 
activation of peroxide oxidation of lipids (POL) which, as my experiments showed, 
is the third and keystone link of the pathogenesis of stress-related injury. Sub- 
sequently, under the influence of POL producte--lipid hydroperoxides-~-lysosomes 
undergo lysis to release, into the sarcoplaem and blood, proteolytic enzymes capable 
of Gamaging cell structures. Owing to the simultaneous action of lipid hydro- 
peroxides and proteolytic enzymes, injusige — in membranes of the sarcoplasmic 
reticulum responsible for transport of Ca**, ite timely removal from the sarco- 
plasm, and relaxation of myofibrils. As a result the next, fifth link of the 
pathogenic chain of events is rv alized--the tration of Ca** in the sarco- 
plasm of heart muscle celle rises. xcess Ga** produces a complex of changes 
termed the calcium triad (23), consisting of contracture of myofibrils, injury of 
mitochondria leading to disturbance of the link between oxidation and phosphoryla- 
tion, and activation of phospholipase and protease. Development of this triad 
causes irreversible contracture and necrobiosis of individual groups of cells, and 
pronourced disturbances in the contractile function of the heart as a whole (see 
the sixth link of the pathogenic chain in the diagram). 


Tt is extremely significant that these focal disturbances of heart structure and 
total disturbances of heart function were clearly pronounced after the stressful 
situation passed--they were not just reactions to a stress factor, but relatively 
stable consequences of injury occurring during the time of stress. This fact, 

taken together with clinical data on the role of emotional stress in the etiology 





* This diagram is based on the results of experiments performed in the cardiac 
patnophysiology laboratory of the USSR Academy of Sciences Institute of General 
Pathology and Pathological Physiology, in the laboratory of biological membrane 
physical chemistry of tue Moscow State University biology department, in the Central 
Scientific Research Laboratory of the Irkutek Medical Institute, and in the bio- 
chemistry department of the Chelyabinsk Medical Institute. 
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Strese-he)ated Injury of the Weart, and Ite Chemical Prevention 


Pathogenetic Chain of Bvents Leading to Chemical Factors Preventing Streas- 
Streee-Related Injury Welated Injuries 


I. Arousal of brain centers triggering Compounds having central inhibitery 
@ stress reaction action=--COMA, ete. 


Il, Aetion of hign concentrations of , Compounds blocking catecholamine 
catecholamines and glucocorticoids receptors--inderal, etc. 


on cell receptors 


‘ 
III. Activation of peroxide oxidation Inhibitors of peroxide oxidation of 
of lipids in cell membranes * lLipids--antioxidants: a-tocopherol, 
‘ ionol, oxypyridine, etc. 


TV. Injury of lysosome men- e Proteolytic enzyme inhibitors: 
branes; discharge of trasylol, ete. 
| —— enzymes | 
‘ 
Vv. Injury of membranes responsible for 
calcium transport by lipid hydro- 
peroxides and proteolytic enzymes 
‘ 














Calcium excess in the Inhibitors of calcium transport 
— garcoplasm of cardiac « through the outer membrane into a 
| muscle celis | cell--verapamil, etc. 
+ ; , 
Contracture of Disturbance of Activation of protease and phospholipase 
myofibrile — mitochondrial 
function | 
‘ 


Necrotic foci and disturbance of cardiac 
function as a whole 


of circulatory diseases, provides the grounds for suggesting that these relatively 
persistent disturbances in metabolism and function, which persist after the stress 
iteelf disappears and accumulate from one stressful experience to the next, are 
precisely what may play 4 role in gradual development of those forms of so-called 
primary noncoronarogenic cardiosclerosis and chronic cardiac insufficiency which 
often arise in people who had not formerly suffered circulatory diseases. It is 
at the same time highly probable that the described complexes of stress-related dis- 
turbances may superimpose themselves over changes arising in the heart as 4 result 
of basic circulatory diseases, and thus potentiate the breakdown of compensation 
and development of cardiac insufficiency in the presence of cardiac ischemia, heart 
failure, and hypertension. 


Thus stress-related injury, the pathogenesis of which is reflected approximately by 
the diagram above, plays an important role in the arisal of the basic forms of 
cardiac insufficiency. There is a great deal of evidence that this chain of pheno- 
mena, the existence of which was proven by me in application to cardiac striated 
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muscle in the presence of stress, also applies to the smooth muscle of blood 
vessels. 


Contractural spasm of this musculature leads to ischemic focal injury of the most 
diverse organs, typical of stress. This development of events has now been proven 
in application to gastric ulcers, which are the result of ischemic necroses of the 
mucous membrane elicited by adrenergic spasm of vetsels and subsequent digestion 
of ischemic portions of the mucous membrane (36, 41). 





In full correspondence with this, the chemical factors on the right side of the 
diagram, which I used to prevent stress-related injuries following the principle 

Of simulating the body's natural antintress system, prevented not only heart injury 
but also stress-related gastric ulcers. 


Thus the diagram ap) roximately characterizes the basic links of the pathogenesis 
of stress-related injuries to the body, and the basic possibilities for preventing 
such injuries. As shown in the diagram, arousal of higher autonomic centers 
triggering the stress syndrome was suppressed with the use of a metabolite of the 
brain's inhibitory GABA-ergic system--gamma-oxybutyric acid (GORA). Preliminary 
research showed that in the presence of emotionally painful stress (18) and in the 
presence of otier stressful inf.vences of the highest diversity (21), biosynthesis 
of this system's main inhibitory mediator--gamma-aminobutyric acid (GABA)--is acti- 
vated in the appropriate brain neurons. The process occurring during stress is 
such that a significant proportion of the GABA is transformed into GORA through 
metabolic reactions of which we are aware of now (44). Pormed in the brain, this 
metabolite has strong independent inhibitory action; in large doses it normally 
elicits sleep in animals and people (43). It appeared probable that under natural 
conditions, GOBA is precisely what limits the duration and intensity of the stress 
syndrome, and thus prevents stress-related injuries. Small GOBA doses (100 mg/kg) 
that do not have a noticeable influence on animal behavior in the presence of 
emoticnally painful stress, were injected prior to stress exposure on the basis 

of this hypothesis. It was foun’ that GOBA does in fact inhibit arousal of the 
adrenergic and hypophyseoadrenal systems, and that it completely prevents, first, 
all of the described disturbances in cardiac metabolism, struct we, and function, 
second, stress-related gastric ulcers and, third, fermentemia, shich regularly 
occurs in animals suffering stress, and which ‘6 a good integral indicator of strese- 
related injury to the body (16). 


Blockage of the second link of the pathogenic chain, namely the ef ‘ect of high 
concentrations of catecholamines upon adrenoreceptors, was achieved with inderal, 
which prevented stress-related injury to the heart and, to a significantly lower 
extent, stress-related gastric ulcers. 


To block the third link of the pathogenic chain--POL activation, I once again returned 
to the natural antistress systems of the body. In normal conditions the level of 

POL and the ability to form hydroperoxides capable of destroying cell membranes 

are limited by the body's antioxidant systems, namely the enzymes peroxydismutase, 
giutathione peroxidase, catalase, and antioxidants, among which vitamin E--a~-toco- 
-herol--occupies the most important place. In the presence of stress, POL activa-~ 
tion apparently occurs as a result of insufficient capacity of natural antioxidant 
systems. The antioxidant a-tocopherol (17) and a more-powerful synthetic antioxi- 
dant--ionol (dibunol) (19) were used for the first time on the basis of these 
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considerations in order to prevent stress-related POL activation. Accumulation of 
hydroperoxides was in fact averted, and the complex of stress-related injuries to the 
heart and stomach, described above, did not come about. 


The fourth link of the pathogenic chain of events in stress-related injury--the 
destructive action of proteolytic enaymes contained in lysosomes=-can in principle 
be blocked by inhibitors of these enzymes, trasylol in particular. However, the 
actual preventive effect obtained in this way turned out to be less pronounced 
than with the use of GOBA, antioxidants, or inderal. Pinaily, . fifth of the 
pathogenic nee the suggested diagram--arisal of excess Ca’* in celle--may be 
blocked by a Ca* transport inhibitor well known in cardiology~-verapamii (Asoptin), 
Which binds with the sarcolemma of muscle cells and prevents entry of Ca?” into 
them. In my experiments, verapamil prevented stress-related injury in the same way 
that they prevented injuries elicited by administration of large doses of catechol- 
amines in the works of other authors (51). 





All of this creates a certain amount of promise for preventing stress-related in- 
jur‘os, but at the same time this approach cannot be extrapolated to the clinic 
mechanically. The reason for this is that, first, some of the antistress factors 
employed, for example GABA or ionol, may, if given at imprudent doses, strongly 
suppress the stress syndrome itself, which is a necessary element of adaptation, and | 
that they may have an influence on behavior disadvantageous to the organism in the 
given environmental conditions. Second, prolonged administration of chemical anti- 
stress factors may suppress the activity of the body's ows antistress system. 
Therefore in addition to chemical prevention of stress-related ‘njuries, prevention 
of such injuries by exercising the body's natural antistress systems and raising 

their capacity acquires important significance. Such a result has been achieved 

in adaptation of the body t. the periodic action of hypoxia in a pressure chamber. 

It has been demonstrated that adaptation of this sort completely prevents POL acti- 
vation in cardiac muscle, usually arising under the influence of emotionally painful 
stress (22), as well as development of the entire complex of stress-related injurics 
of cardiac guscle described above (19). Research on the mechanism through which 
adaptation to hypoxia prevents stress-related injuries in similar fashion as do 
antioxidants showed that such adaptation normally ‘leads to an increase in the capacity 
of enzymatic antioxidant systems--peroxydismutase, glutathione peroxidase, and 
catalase (4). Concurrently with adaptation, we observe a decrease in the concentra- 
tion of unsaturated fatty acids, the principal substrate of POL, in the heart. There 
are grour4s for suggesting that stress-related injuries may be prevented by adapta- 
tion not only to hypoxia but also to other environmental factors. 


It can be concluded from the above that the combination of adaptive and chemical pre- 
vention, based on imitation of natural antistress systems of the body, creates real 
promise for preventing stress-related injuries in man. 
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et The study of erroneous reactions, which occur in 
re of human activity, their neture and mechenisas, have both 
theoretical and applied significance: psychological and psycho- 
phyetologicel analysis of erroneous reactions provides important 
nsights into the mechanisms of voluntary motor activity, how 
information is transmitted, the individual cheracteristics of 
reprocessing sensory i and others such as the mechanisms 

of an riate performance of an activity (11), (12), (15), 
(18). In ition, the process by which erroneous reactions 
appear involves ee of different foras of human 
practical activity during which the number of erroneous reactions 
must be considered. 





































Erroneous reactions usually occur during laboratory experiments. 
Analysis of erroneous reactions provides « way to classify them 
into errors of a situational character and natural errors; those 
induced by actions governed by a constant factor (or factors) 
which occur in given experimental conditions and which determine 
a eye > number of erroneous reactions. The arance of 
factors which lead to the occurrence of a series of erroneous 
reactions of one or another form is of interest. 


Frroneous reactions which adhere to an established pattern are 
a response to seperate stimuli and in situations of interaction 
of two or more sensory motor reactions. Analysis of data in the 
literature suggests a division of certain factors which deter- 
mine the regular ogee t= of a number of erroneous activities 
of test subjects h situations of reaction to different stinu- 
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li, delivered at adequately large interstinuli intervals, These 
stimuli ere characterized the presence of different types of 
obstacles: inadequate illumination and increased levels of noise, 
poor discrimination and weak saponel of the stimuli, use of in- 
sufficiently distinct stimuli, In addition, key to the appearance 
of erroneous reactions is the nature of the sonpenesye activity 
which pecensie?: leads to @ large or small probability of error 
(18); he specific type of influence which Cnrsr the reaction 
either in terms of speed or infallibility (17); the process of 
transforming sensory flow by the sensing organs (6), (7), general 
md individual typological character of experience; memory and 
thought and others. 


When motor reactions interact a8 @ consequence of the specific 
character of presentation of visual signals, one of the main 
factors which leads to the appearance of erroneous reactions is 
the interaction of inhibitory and activating processes needed 
to perform the voluntary motor act (2). {) Mt) (19). The well 
known methodology of A, Ye, Khil'chenko derived in his study on 
the mobility of basic neurologic processes in man (14), a8 well 
as its main variant worked by M. N. Borisowa (3) and incor- 
porated in other studies concerns the arance of erroneous 
reactions (1), (4). This method is based on the response to 
resentation of specific stimuli (visual and auditory). The sub- 
ect must perform positive reactions with one or another hand and 
when presented with another gre of stimuli must refrain from 
reacting. Conclusions about ction of the inhibitory pro- 
cess are based on when following an inhibitory process for «4 
gpesedye stimuli, the subject responds by an inhibitory reaction. 
relative inaction of stimulation process is j 4 if after 
a number of positive stimuli the subject responds to inhibitory 
stimuli with a positive reaction. The measured rate of — 
ness of neurological processes of the subject is determined by 
the length of the shortest exposure to the stimuli (eccording to 
the me of A. Ye. Khil’chenko) or the dimension of the smallest 
(critical) interval between stimuli (in the variant of M.N. Borisowna), 
in which the subject makes no more than 5 percent of errom in the 
course of 2-3 minutes. This quantity of erroe: serves as the measure 
for the initial background level of ac of reaction (with the 
shortest exposition or the smallest interval, the percent of mis- 
takes acutely increases). It is ewident that erroneous reactions 
in this situation occur as @ secondsry reaction in # situation of 
sensory motor interaction. However, in studies of this nature, 
the psychophysiological basis to determine _ Ss quantity of 
erroneous reactions es ⸗ valid way to explain mechanism of 
interaction which leads to their appearance, is atsent. Moreover, 
the study of the nature of erroneous reactions has important theo- 
retical and practical significance. 
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in this article, we will examine the psychophysiological sechan- 
ism for the appearance of erroneous reactions which arise in 
situations of sensory motor interaction, 


Method of Investigation 


We used the variant method of N.1, Operon (16) and techniques 
described by us previously (9) (9), — me The subject was seated 
d front of a panel of signal ights which formed 4 verticle and 

4 horizontal intersecting rows, After a 2 second exposure to a 
given nena (sound), the subject was shown two consecutive 
visual signals (of a 100 as duration), divided into two inter- 
vais of * 23 33 $3 8; 10; 14 seconds. During one experi- 
ment, the signals were spl d constantly. The signals came 
from one or another pair of lights, The task required of the 
subject included pressing as quickly as possible his right hand 
on ey positioned to the right of the lamp when the signals 
flashed individually and —2 his left hand on the key i- 
tioned to the left of the lamp when the same pair of lamps flashed. 


The short series of signals, —— separately or in pairs of 
flashes (“individual lamp-individual lamp" and “pair-pair” 
— as the same stimuli series; if one of the signals was 

ing individually and another signal was flashing from paired 
(“individual-pair” and “pair-individual™) then the stimuli 
was designated as different. 


pe pesceee method, the mean of which will be clear from 
further explanation, consisted of the fact that the second signal 
of both forms of the series could fiash either in the same 1 

or from another lamp on the 1, Given constant visual fixation 
by the subject on the spot, located in the center of the ar 

tte second fleshing of the lamp led to visual afferentiation which 
begins in the retina and ends in the higher cortical structures 
of the viswal region of the brain. Fight experimental variants 
were conducted. 




















fia 


series 








All the wariant series were presented to the subjects 10 times 
in random order at intervais of 10-12 seconds. All lamps on the 
penel were flashed « uniform number of times. 


The time of each motor reaction by the subject as well as erroneous 
wactions were recorded, Ten subjects, between the ages of 20-355 


years, took part in the study. 
Experimental results 


We cxamined the process by which erroneous reactions appeared in 
response to flashes from different lights which the subject responded 





to with the left hand and in response to flashes from the paired 
lamps with the right hand, The subject was required to press the 
key with the right hand when the same flash appeared and press the 
aher key with the left hand when paired flashes were shown, 


Analysis of erroneous reactions indicated that they occur both 
for the first and for the second signal in all the series (table 
1, | and Il columns), However, statistical analysis, according 
to Styudent's criteria, showed that the great ty of erroneous 
reactions to the second signal was significantly greater than 
the first signal (P< 0.01), These data point to the presence of 
certain factors which have an influence on the accuracy of per- 
forming the second motor reaction in each series and are related 
to secondary reactions in the nervous structures which carry 
out the first reaction. In order to explain these factors it is 
necessary to cerry out a differential analysis of erroneous 
reactions to the second signals in the different and same stimuli 
series. We found that erroneous reactions to the second signals 
occurred both in thecase of the presence of both lamps with the 
first signals and in the absence of both lamps in both types of 
stimuli. In columns III-VI in table 1, the distribution of erron- 
eous reactions is presented. Note the —*2*8 number of mistakes 
8.6 of the total) exhibited in reaction to the second signals 
different stimuli) and the large number of errat’ (30.5 percent) 
seen for the same stimuli (first signals) (column VI). As is 
evident from the table, these two groups of mistakes are respon- 


sible for the large number of erroneous reactions to the second 
series of signals. 





Discussion of Results 


The two groups of erroneous reactions occur as a result of the 
second si ls: in the different series of stimuli provided by a11 
lamps, and in the same series of stimuli with the absence of 411 
lamps. There is a tendency to react to the second signal with the 
same response as to the first if it is displayed with the first 
Signal from ail the lamps. Less rent is the other tendency 


t react to the second signal if both lamps in both series are 
absent. 











We examined in detail, the tendency of the first type leading 

to the appearance of erroneous reactions to different signal 
series in an earlier article (9). In this article we will only 
consicer it «hen the reaction appears after povgupssen of the 
first signal in the different series. We examined the performance 
of the corresponding motor reaction along sensory motor pathways 
which participate in the production of the inpulse for stimulation 
by the first +. eb The sensory impulse tends to be extended 
prior to the stimulation course and to actualize the motor program 
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Table 1. Distribution of the quantity of erroneous reactions in 
the signal series 


Key: 

1. Subject 9. Total number 

2. Erroneous reaction to the 10, Signals which have a partial 
first signals number of all the elements 

3. Frroneous reactions to the 11. Signals which do not have ali 
second signals elements 

4. Different series i2. stgneie which are completely 

5. Sawe serics matched 

6. Total number 13. Signals which do not have all 

7. Erroneous reaction because elements 
of inadequate integration 14. Signals which have a partial 
of inhibition number of all the elements 

&. Erroneous reaction because 15. Total 
of “immunity” of gnostic 16. Percent of total number 
neurons 


which corresponds to the first signal. To perform the first reac- 
tion to the second signal this tendency must be inhibited and a 
command impulse to realize an adequate motor program must be sent. 





This neuro-dynamic process usually determines the time period 
for the right reaction to the second signal of the different 
series issuing from all — for the first signal (8). In our 

> grey integrated inhibition plays a co-ordination role in 

the accomplishment of acts of higher nervous activity and serves 
as @ regulator of such 22 rearrangements (9). If the 
inhibitory process is not sufficiently 22 then erroneous 
reactions occur, Thus, erroneous reactions of this type arise as 
secondary reactions in the nervous structures which perform the 
initial motor reaction. 


To analyze the mechanism of the erroneous reaction to the initial 
“oe series (table 1, column I), we showed that suppression of 
the majority of these errors (58.9 percent) occurred in a specific 
md regular pattern as a result of secondary reactions in the ner- 
wus structures influenced by inadequate sesagven gees inhibition 
(column 1). Here, the secondary effect was significant because 

the time interval between the series of two signals in our experi- 
ment was 10-12 seconds, Evidently, this interval is not adequate 
for effective attenuation of the stimulation which succeeds the 
effects of the second stimulus from the preceeding series. 


We studied the above described tendency of the second t which 
conditions the occurrence of the erroneous reaction to the simi- 
lar series of stimuli when 411 lamps are absent. 


The distribution of errors for the second signals in the similar 
series (table 1, column V and VI) indicates that in the case of 
absence of all lamps the number of erroneous reactions signifi- 
cantly increases (p<0.01). Our hypothetical explanation for this 
form of erroneous reaction is based on the theoretical conception 
of Yu. Konorski concerning the physiological mechanisms of per- 
ception (5). The basic position of this theory is a concept about 
the existence, in higher sections of the afferent system, of 
special nevronal formations--gnostic nevrons--which are responsi- 
ble for simple or very regulated (unitary) forms of pocears on. 
This process by which gnostic neurons are formed arises with the 
appearance of a new pattern of influence by a strong orientation 
reaction which activates the gnostic field. Because of the acti- 
va@ion of the gnostic neurons, the potential synaptic connection 

is transformed into action. Consequently, when this again appears 
aS a pattern, it will activate the same neurons as wh@m it corres- 
ponds to the unitary perception in the given gnostic field. An 
important part of the wy of Yu. Konorski is the fact that the 
new pattern of stimuli can lay claim not only to the “non-involved" 
neurons of the gnostic field, but also to neurons which are trans- 
formed as a consequence of these patterns. This is the principle 
of “immunity” of the functioning gnostic neurons against “foreign” 
patterns. 
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In addition to these concepts which are the basis of the theory 
of Yu. Senagent» 20 is necessary to include the following. When 


selection of alternative answers requires the subject to perform 
different movements of the hand, both reactions can be simul taneous- 
ly prepared in advance; that is both motor centers can be found in 
@ state of heightened excitability. After performance of the 

first reaction, the whole nerve pote activated by the preceed- 
im signal for a motor response, is found in a state of increased 
excitability. 


We now use this position for a hypothetical explanation of the 
—2— for occurrence of a tendency to perform various motor 
reactions. 


In tests we presented the same series of signals “similar lamp- 
sigilar lamp (eeenee l). After arance of the same flash 
(a') the nerve pathway is activated by the signal and the corres- 
ding motor centers were found in a state of increased excita- 
ility. If as a consequence of this the same flash is presented 
to a different ; lace in the visual ficld (a") activating another 
section of the network and brain structures, the nervous impulse 
mst still reach the same group of gnostic neurons which respon d 
to the ye of the similar flash and according to Yu. Konor- 
ski, which woogens to each wey ty of a defined object (in our 
case-the same flash). But, in so far as these gnostic neurons are 
still not completely liberated from the transformation of the 
sensory flow which occurred as a result of the action of the first 
al, they become “immune”; that is insensitive to the effect 
of “its own” pattern arising from perception of another similar 
flash, If stimulation from the same flash in the pathway towards 
its motor center is somehow hindered (in this case-the temporary 
“immunity” of the gnostic neurons), then a tendency occurs for 
directing the nervous impulse towards foreign gnostic neurons 
or towards other stimulating motor centers which actualize the 
motor program pevesepenstes to the perception of the paired 
flashes (6b). This is how the foreign motor program is realized and 
the erroneous reaction performed. 


Our interpretation of the mechanism for erroneous reactions to 
the same signal series is confirmed by the data of statistical 
analysis of the time reaction (TR). In table 2, these data are 
presented pointing to the fact that the TR for the same signal 
which follows the paired signal is shown to be significantly 
shorter than the TR for the same signal which follows the same 
Signal (P<0.05 *16B to the non-parameter criterion of Van- 
der-Va ; in this analysis, we only considered the signal series 
which did not come from all lamps). Analogous results were obtained 
in relation to TR for the paired signal. TR of the subjects to the 
paired signals which followed the same signal on the whole for 
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Figure 1. Schematic — — of the mechanism for stimulating 
the erroneous reactions in the same signal series 


key: 

1. Square-higher sections of visual analyzer; triangle-central 
part of motor analyzer. Arrows show the flow of afferent- 
efferent impulsation. 

2. Lffector } 

3. Fffector 2 


4. B Teseane 8 


(soawercres cays een) 





















2 Ber se 
oa 2 
1 i. wets: ewer **7 Mane eles comes 
.. 5 : ‘ ' 5 5 
: Pt 5 ‘ ‘ 3 
3 ‘ + i 5 ‘ 
‘ ; ' 5 5 
5 , ’ ' 4 ‘ 
‘ © ‘ 3 ' 3 5 
? ° 2 7 ° 4 5 
: 3 4 ? 3 ‘ 
* 3 J 3 : ‘ 
0 o 3 H H 1 
— Cynuapuee a0 ‘ n a ry * 33 
jeer reo 6a 




















“er 
Table 2. Comparative time reaction to secondary signals in simi- 
lar and different signal sequences comprised of differ- 
ent elements (number of cases) 
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Key: 


1, Subject 4, —*18C 
2. Time reaction to similar 5. Prolonged 
flashes after the first in 6, Short 
comparison to reactions 7, Total number of cases 


for similar flash after 
the same flash 

5. Time reaction to paired 
flashes after similar ones 
in comparison with reaction 
to paired flashes after the 
first flash 


the roup of subjects were shorter than TR for the paired signal 
which followed a paired signal. However, in this case, there was 
a non-uniformity of selection in the results obtained suggesting 
only a certain analogous tendency. 


Thus, the statistical analysis of TR indicates that in the case 
of absence of all lamps, the motor reaction for the second signal 
in the different series is performed signe cheene dy faster than in 
the same signal series: the reaction to the second signal of the 
same series which does not have all the lamps from the first is 
somewhat more difficult as seen in the increased absolute signi- 
ficance of the corresponding TR. Evidently, the difficulty is 

the “immunity” of the effected gnostic neurons. 


We feel that our theoretical position eenepenten immunity of the 
Pye oes neurons is confirmed by the neurophysiological data on 

e character of impulse activity of neurons which go with the 
relatively elementary conditioned reflex form of memory (6), (7). 
It has been found that after the transmission of the stimulation 
impulse a period of no electrical transmission between the given 
neurons transpires. The subsequent impulsation takes a different 
course to different neurons, the excitability of which is heightened 
at this moment. 





Turning again to the analysis of erroneous reactions which occur 
in response to the first signal series and the theory of the 
regular nature of their pattern, one can assume that the mechan- 
ism of “immunity” of the gnostic neurons determines 30.2 percent 
of erroneous reactions (table 1, column I). In fact, an insigni- 
ficant number of erroneous reactions-10.9 percent was found. 


Thus, we formulated the way concept about the function of 
gnostic neurons which leads to the phenomenon of patterned 
erroneous reactions in situations of sensory-motor interaction. 
The effect of the first signal in the series of stimuli leads 
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to formation of a certain dynamic functional system which enconm- 
passes specific localization of a given visual stimuli in the 
network leading to the nerve pathways and gnostic neurons answer- 
ing the perceived signal. This process of stimulation forms an 
additional functional system. In the case of the presentation 
of the second, alternative signal which stimulates other parts 
of the network, a new dynamic functional system is added which 
depends on the first. He co the patterned erroneous reaction is 
not observed. The tendeney to perform the same reaction leading 
in a series of cases to the appearance of erroneous actions 
occurs when both signal series have all elements poeses, The 
two series of signals stimulate pertiediy or completely the same 
part of the network. Actually, if in the case of different series 
of signals the second signal {s shown by both lamps with the 
first signal, then the partial presence of both inputs leads to 
a more complicated dynamic functional system which responds to 
—8 of the first signal; the actualization of the response 
eads to the erroneous reaction. On the other hand, in the absence 
of both inputs, the tendency even for response by different reac- 
tions to the same signals occurs. Thus, given presentation of the 
same signal series, in which the signals do not have all inputs, 
stimulation is caused by virtue of the “immunity” of gnostic 
neurons, 


Thus, when the signals are comprised of all elements a more 

comp lex dynamic functional system is initiated which leads in 

a certain number of cases, if it is not papeeanes’, to a repeat 
of the motor reaction just performed. If all elements are not 

in the ee. then the process of stimulation forms a new dynamic 
functional system which includes other gnostic neurons partici- 
pating in the performance of alternative motor programs. 


Another group of data cofirm our argument. In the similar signal 
series (pair-pair), the second pair of flashes could include 
either one of the lamps just flashed in the first paired signal 

or both lamps. Thus, if our assumption is correct, one ought 

to expect that the number of erroneous reactions in the same 
series will diminish with the increase in number of flashes from 
toth lamps. Our data confirm this assumption. As is evident from 
table 1 (column VI), the total number of erroneous reactions given 
the absence of both lamps is equal to 126; given one of the lamps-- 
81; and in the absence of two of the lamps—58. An increase in 

the number of both elements in the input strengthens the tendency 
for a response with the same hand and increases the probability 

of accomplishment of the correct motor reaction. 





The dynamic functional system, which is complicated as a result 
of the transmission of stimulation —78 is initiated by a 


Signal which gradually attenuates wit time. The immunity of 
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Figure 2, The relationship of the average number of erroneous 
reactions to the second signals of the same series 
given absence of all elements from the first signal 
Se — intervals (average data from 10 sub- 
ects 


Key: 
yo e number of erroneous reactions 
2. Time in seconds 


gnostic nevrons will wogeee, Seomses to a decrease in the number 
of erroneous reactions to the same series for the second signals 
@mprised of all — from the first. In figure 2, a graph is 
presented showing the average number of erroneous reactions of 
this type in terms of time intervals between signals in the same 
Signal series. The tendency for a decrease in the number of 
erroneous reactions given an increase in the interstimulus inter- 
valk is evident. 


The mechanism which we described for the stimulation of erroneous 
reactions answers certain questions on the nature of psychological 
refractivity (2), but has a significantly more complex internal 
nature and has less in common with the refractivity of nerve fibers. 


Conclusion 


In this article, we examined the ee ee eee mechanisms 

in conditions of sensory motor interaction of a tendency to accom- 
plish the same motor reaction for different signals when a11 elements 
(lamps) are present, but different motor reactions were performed for 
the same signals when all elemnts are absent. This leads, in a 
number of cascs, to performance of erroneous reactions. AS was 

shown in this study, one can assume thet the cause of these 
erroneous actions performed by the subject are the result of 
stimulation of the nervous structures which participate 
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in the porcoupanes of the first motor reaction, This reaction, 
only arising in the nerve structures which perform the second 
motor reaction, is the cause ef a large a r of erroneous 
reactions which ar in response to the presentation of the 
first signal of next stimuli series when the interval between 
them does not exceed 10-12 seconds, 





Prom our point of view, both tendencies for these reactions are 
Simila: in the relative localization of the second stimulus in 
the network, Thus, the tendency to respond with the same hand 
to two different stimuli occurs with repeated stimulation of 
already excited areas of the network and the projective brain 
structures, On the other hand, given stimulation of other parts 
of the network and poegeotese brain structures, the tendency 
for response by different hands occurs, 


The results described in this present st on the mechanisa 
for erroneous reactions provide a differential analysis of 
the inertness of nervous processes. 


In conclusion, it is important to note the practical significance 
of results of such a — on the psychophysiologicel mechanisa 
for erroneous reactions which occur in conditions of sensory 
motor interaction, These data elaborate the principles for using 
such signal series in a system of induction for the organization 
of activity in systems of management, in various forms of working 
activity and for experimental psychophysiological studies. 
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ic Beiences (APN), director of the Inetitute of General and Peda- 
gogic logy of USGR APR; Viedimir P. Zinchenko,*** cor 
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State Committee for Science and Technology, department head on the faculty 
of psychology at Moscow State University imeni #. V. Lomonosov; and 
Viadimir A. Munipov,**** candidate of peychological eciences, deputy 
director of VWIITE) 


[Text] The solution of complex problems of interaction between social, 
natural and engineering sciences is the methodological prerequisite of 
ergonomics as 4 scientific diecipline. These probleme arise, not only in 
conmection with definition of their objects and subjects of study, but be- 
cause of interpenetration of their conceptions and methods. The distinctive 
feature of modern applied ecientific research is that it is interdiecip- 
linary, i.e., complex. There is aleo another distinction: these inter~ 
dieciplinary studies themselves become stable and acquire their own 
tradition. They deal with development of invariant procedures and methods 
and, on the theoretical lewel, with stable conceptual echemes that sub- 
etantiate the use of the procedures and methods, and lead to sysetematiza- 
tion of formation of special, epecific knowledge, with ultimate appearance 
of @ new scientific diecipline. Thies is the situation not only in ergonomics, 


~~ *he abridged version of the article in the collection entitled 
“Probleme of Methodology in Ergonomics” ("Trudy VNITTE. Ergonomike™ 
(Works of VNITTE. Ergonomics), Wo 17), Moscow, 1979. The collection 
ie dedicated to Aleksey Wikolayevich Leont'yev (1903-1979) 
**author of works on child and age-related peychology, pedagogice, 
methodological problems of psychology. 
***author of works on engineering peychology, ergonomics, methodology 
of psychological research. 
****a~uthor of works on ergonomics and engineering psychology. 

















but if @ Qumber of allied disciplines generated by the scientific and 
technological revelution=-estheticoe in engineering, © eteme analyele, 
contro) theory, ete, The thesis of A, Leont'yev, formiated in the content 
of analyeie of the intensive development of interdisciplinary research, 
Which linke psychology with neurophysiology, cybernetics and logical mathe 
matical dieciplines, socio and the history of culture, applies fully 
te ergonomics, He wrote: course, scientific synthesie ef hetero= 
geneous complexes of peychological factore and generalisations cannot be 
achieved by simply putting them together in the same book (binding). It 
requires further development of the conceptual system of peyehology, «4 
search for mew scientific theories capable of t ne the loose 

seams in the building of psychological science,” 


in the situation of appearance of new directions of scientific searching, 
when various programs and plane are being constructed for them, the 
importance and weight of ®ethodological work proper are increasing. it 
@ust be noted that ite forme change with the development of the corres- 
ponding discipline (in thie case, ergonomics and engineering peychology), 
reflecting the vital neede of both applied research and ite general concep- 
tions, 








it is important to bear in wind the following important circumstances. 


At the present time, 4 substantial change is taking place in the correla- 
tion and methodological role of basic and applied psychological research. 
We have still retained the habit to conduct applied etudies and derive 
conclusions from them on the basie of the persistent psychological concepts 
that were formed several decades ago. Up to 4 certain time thie was 
airight. But, cecasionally we owerlook the fact that it is expressly 
within the framework of concrete applied studies that far from trivial 
characterietice of performance, consciousness and personality of an 
individual appear and take shape. Expressiy they can and should become 
the springboard for new theoretical ideas and concepte, which remove 

the special aspect of applied conclusions and lend them 4 general peycho- 
logical meaning. At the Ptesent time, one of the most important condi- 
tions for development of general psychology is to pay attention to applied 
studies. 


in our opinion, an example of thie is an aggregate of ergonomic data that 
permite specific and methodologically confident owercoming, at last, of 
the set of functionalier, both classical and updated, that is deep- 

rooted in peychology. It ie expressly in the stream of industrial 
psychology and ergonomice that the meaning emerges, in 411 ite concrete 
scientific significance, of the concept of “integral activity of 4 subject,” 
which ie ueed to solwe relewant vital problems. The use of the concepts 
of “activity” [performance], “type and forms of activity” gakes it possible 
to rationally inecribe the characteristics of separate, so-called mental 
functions in the general flow of ways and seans of providing for man's 
social life. tt is only within the element of thie life, theoretically 
formulated in concepts of activity and its concrete forms, that one can 
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weigh and assess the real share of some functions of other, and further= 
more determine their actual content and correlations, 


The scientific worke of A, Leont'yev, which are alee of substantial signi~ 
ficance to the development of ergonomice, hold an important place in the 
development of methodological and theoretical bases of ty tg 
chology. Ae far back a6 1962, in 4 work he wrote with D, Panov,” there 
wae comprehensive discussion of the etatue and taske of peychology. The 
main directions of research in engineering psychology, which A — or — wd 
became part of the range of scientific interests of A, Leont'yev, were 
outlined there, This work can be classified with those that develop the 
theses of peychological theory of activity, Many of the probleme posed 
in it were subsequentiy developed and defined in the collective monograph, 
“Dngineering Peychology” (Moscow, 1964), It was stressed in these works 
that, in the theoretical aspect, the “man-machine” problem emerges as 4 
problem of the basic correlation between processes performed by 4 machine 
and man's activity a6 the subject of labor. In thie regard, we should 
like to call attention to the fact that it is expressly in the etudy of 
the “man-machine” problem that psychology is gost acutely confronted with 
the general peychological task of making 4 precise distinction between 
formalized and unformalized elements of human activity, the difficult task 
of searching for the patterne of constant change in correlation between 
these elements when developing and introducing gore and more new man-~- 
machine systems. 


The monograph of 8B. Lomov, “Man and Technology. Essays on Engineering 
Peychology” (Leningrad, 1963) played an important part in systematizing 
and analyzing the experimental material gathered by engineering psychology. 
in this gonograph, thie branch of knowledge is characterized as both an 
engineering and psychological ecience. The task for the latter includes 
the study of mental processes and properties of man in order to determine 
the specifications for work toole and technology that eneve from the 
characteristics of these processes. In the gonograph of 8. Lomov, the 
probleme and taske are formulated that have potential significance, which 
are related to the complex study of aan, hie work, cognition and communica- 
tion. “The problems that arise in connection with analysis of human 
performance 46 an element in 4 control system are, in essence, on the 
borderline of peychology, various branches of cybernetics and 4 number 

of other ecientific dieciplines. Solving them would require complex 
studies “ (p 246). 


The asin principles involved in theoretical analysis of problems of 
engineering psychology and ergonomics on the basis of expounded concept ions 
of development of the psyche and psychological structure of activity were 
described by A. Leont'yev, in “Man and Autmation™” ("Psychological Studies,” 
No 2, Moscow, 1970). It prowides methodological substantiation of the 
decisive role of development of the means. of solving applied problems in 
basic research and psychology. 














The first Beviet publications dealing with ergonomics, which discussed its 
subject and tasks, its interrelations with other areas of scientific and 
practical endeavor, appeared, as we see, in 1963-1964,° Methodological 
questions of inception of ergonomics as a scientific and planning discip= 
line were discussed by 8, Lomov, Among ite basic elements, determined by 
the important aspects of interaction between man, machines and the 
environment, he mentions engineering peychology which deale with the 
rocese of informational interaction between man, machine and environment. 
like the specialized sciences dealing with labor, ergonomics does not 
examine working man by himself, a machine by iteelf or the working 
environment by iteelf, but expressly a ‘man-machine-environment ' 


A special work by V. Rosenbliat deale with definition of the subject of 
ergonomice and ite relation to other disciplines. We derives there the 
general conclusion that “Ergonomics is a synthetic discipline concerned 
with adaptation of work and the tangible environment to man. It general- 
izes the applied sections of a number of disciplines that deal with the 
human factor in labor (anthropometry, industrial physiology, industrial 
psychology, industrial hygiene, esthetics in engineering) and develope 
complex recommendations for designers to improve the tools of labor, 
working conditions and work actions, as well as consumer goode to 
conform with the capabilities and distinctions of the human body.”* 


A. Leont'yev attributed much importance to the formation of ergonomice 
ae an area of ecientific and practical endeavor. The close scrutiny 
given by A. Leont'yev and other psychologists to the development of ergo- 
nomics is the consequence of profound understanding of the vital problems 
of psychological ecience. The growth in technological equipment in 
industry due to the scientific and technological revolution, renders man's 
activities more complicated. “Under such conditions, mental and psycho- 
logical development of man becomes the most important reserve for in- 
creasing the social productivity of labor, while the ‘human factor’ 
becomes 4 special gage of the entire process of developing and operating 
new technological equipment. Consideration of this factor in industry is 
of great national importance, it is an urgent requirement of the 
scientific and technological revolution. Specialists in psychology are 
called upon to help solve this probles.”* 


The theoretical research of A. Leont'yev and his organizational talent 
were instrumental in transforming ergonomics from 4 ecientific movement 
brought to life by the current scientific and technological revolution into 
@ scientific diecipline. Let us gention that he was one of the organizers 
of conferences of ecientists from CEMA member nations dealing with ergo- 
nomics. While preparing for the firet of these conferences, A. Leont'yev 
made 4 retrospective analysis of the gain aspects of ergonomic problems 
from the standpoint of Marxist theory of activity. This analysis was 

the conceptual basis of the first generalizing consideration of methodo- 
logical problems of ergonomics in the Soviet literature. * 
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in thie work, the principles were outlined for developing probleme of 
ergonomic methodology. in particular, it wae neted that the approach to 
man 46 4 Special element in a system of automatic devices and machines 
makes it possible to solve some important problems pertaining to improve- 
ment of the efficiency of this system, At the same time, attention was 
called to the limitations of the approach that abstracts iteelf from the 
social nature of man as the subject of activity, a circumstance that cannot 
be overlooked, not only when working on broader theoretical probleme, but 
within the framework of the man-machine problem. In thie book, the thesis 
of two directions of research in ergonomics, corrective and projective, 
was developed on the basis of the activity-related approach. 


For a long time planning [design], which is one of the methods in 
acer: engineering, wae alien to paychology, since it strived to study 
tural” mental processes. The method of observation, natural and 
laboratory experimentation demonstrating the existing capabilities of 
@an were inherent in it. But then some substantial changes took place, 
first in age-related and ic psychology, then in other of ite 
branches. In the 1950's-1960's, the idea and method of formative or 
teaching experiments became popular in the USSR. They were conducted 
in child psychology in the mainstream of the basic thesis of L. Vygotekiy 
concerning developmental teaching. In subsequent years, there was ever 
increasing disclosure of the theoretical bases of such experiments, 
which served as the foundation for the genetic-modeling method. Con- 
currently, analogous ideas started to crop up in the field of industrial 
psychology and ergonomics also. in essence, they consist of planning 
and active checking of the degree of efficiency of new forms of activity 
of a subject in solving some practical social problems in the area of 
instruction and labor. Merging of processes of planning, forming and 
examining activity, consciousness, personality--such is the general set 
of the echool of L. Vugotekiy, A. Luriya and A. Leont'yev, which was 
successfully developed in the works of P. Gal'perin, A. Zaporozhetes, D. 
El‘konin and others. More active use of this set in the field of in- 
dustrial psychology and ergonomics is the pressing task for these discip- 
lines at the present time. 





The thesis of planning human activity in control systems has an important 
methodological function in ergonomics and engineering psychology. The 
development of the idea of planning exter: al and internal means (methods) 
of human activity in control systems was linked with the tradition of 

the echool of L. Vygotekiy, ite concepts of interiorization and exteriori- 
tation of higher mental functions, analysis of symbolic systems and tools 
of activity. 


Complex study of the question of man and his work activity is important 
to the formation of ergonomics. The psychologists and sociologists of 
Leningrad University are making 4 substantial contribution to development 
of the methodology of such studies. The results of research conducted 
there were reflected, in particular, in the gonograph of 8. Anan‘ yev, 
“On the Problem of Modern Science of Man” (Moscow, 1977), in which the 
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importance of ergonomics to general theory of science of man ie stressed, 
The special approach to technology, ae a set of amplifiers, transformers and 
accelerators of psychophysiological functions of man, is aleo linked with 
ergonomics. 


Methodological problems of formation of the complex approach to the study 
of work agtivities were the subject of special consideration in a number 
of works. An effort was made to provide methodological substantiation 

of the complex approach to the study of quality of work under conditions of 
developed socialiem. Quality of labor is construed as the integral charac- 
teristic of a given type of labor, which includes quality and quantity 

of output as related to expenditure of labor, paychophysiological and 
physiological price of activity, as well as health and development of the 
worker's personality. The correlation and mutual determination of the 
above elements form an integral system of the quality of a specific form 
of labor, and it has 4 @ultilevel structure. Determination of the indi- 
ecatore of quality of labor implies that the obtained data about ite 
different components are related to knowledge about the quality of Labor 
as an integral system. 


Methodological problems of development of ergonomics, which were related to 
the developing trend to turn from accumulation of numerous, often 

disparate facts about different aspects of human activity to creation of 
an integral theory of planning activity, began to be discussed in the late 
1960's and early 1970's. Social aspects of ergonomics began to attract 
special attention. In this connection, there was substantiation of the 
thesis that, under conditions of socialist production, the subject of 
studies in ergonomice should be the “group-man-machine” system, rather than 
the “man-machine” system. It wae stressed that ergonomics performs not 
only an economic function, but 4 social one, since it sete as ite main 
task the creation of favorable conditions for increasing labor productivity, 
assuring safety and convenience for workers, conditions that help safe- 
guard their health, develop their intellectual and physical qualities. 


The cycle of articles by A. Leont'yev, published at different times in 
the journal KOMMUNIST, was of basic importance to the development of in- 
dustrial psycholoey, engineering psychology and ergonomics. It was noted 
in one of them that the complete psychological content of the problem of 
man and machine is disclosed only if “one proceeds from the fact that 
creation of tools and machines is 4 process of implementing with them 

the transformed functions of man; that machines are, in the expression of 
Marx, ‘organs of the human brain created by human hands,’ with which man 
relegates performance of operations constituting his activity, which 

are beyond his capabilities as a vhole because of the required expenditure 
of energy or required rapidicy.”' 


His profound comprehension of the patterns and specific conditions of 


development and use of engineering psychology enabled A. Leont'yev to 
define, already at the early stages of ite formation, the most promising 


143 





tendencies for development of thie new branch of science. The first con- 
siete of relative intensification of research on the most complex pro- 
cesses of man's mental activity, that which distinguishes basically the 
capabilities of man from those of 4 machine, In thie regard, 4 new direc- 
tion of development of engineering psychology acquired importance; it 
deals with research in the area of flexible lcurrent) thinking (for 
example, the works of V. Pushkin). Another tendency is, in the opinion of 
A. Leont'yev, related to a change in methodology of developing aan-machine 
systems. While formerly, in developing such systems, planning of a 
control syetem ae part, firet of all, of ite technical elements wae the 
starting point and man is included in it as 4a technical element, in the 
future man and hie task will be the starting point of planning. All of 
the technical elements of the “machine” system will develop as an aggre- 
gate of “artificial organs” servicing man's activity. 


The complex approach inherent in interdisciplinary research became one of 
the typical features of ergonomice as well. Ite theoretical outline as 
@ special branch of scientific and practical endeavor was described 
rather definitely in a cycle of works. In them, ergonomics is described 
in a number of its man aspects: goale and taske, general conception re- 
flecting the specific traite of socialist economy, link with allied 
industrial eciences, epecifice of work in control systems, techniques for 


erognomic research and planning, change from corrective to projective 
ergonomics, ete,'? 


Efforts at comprehensive descriptions of the link between ergonomics 
and other sciences were made in a number of special works which studied, 
in particular, problems of {correlations of ergonomics, engineering peycho- 
logy and syetems analysis.'’ Development of systems analysis provided 
greater methodological clarity to solving problems of ergonomics iteelf. 
Thies is attributable, first of all, to the circumstance that the main 
objective in engineering systems is considered to be to arm the operator 
with the best engineering and technological equipment and, with it, to 
provide comfortable conditions for him, to enable him to make reliable 
diagnoses, to make and implement decisions. [Efforts to completely 
formalize the control process in complex man-machine systems appear 
fruitless to use, since the creative element will always be the main 
work in such systems. 


Several works published in the 1970's deal with the aain methodological 
problems of engineering psychology and ergonomics, with their applied 
problems in the area of reception and processing of information by an 
operator. Here, special attention is devoted to analysis of the basic 
concepts in this branch of knowledge, in particular the bases of peycho- 
logical theories of activity, shedding light on the most effective means 
of studying operator performance, methods of evaluating man's condition 
under different working conditions, problems of teaching and determining 
professional fitness, as well as some questions of planning end standardi- 
zation in the field of ergonomics and engineering psychology.’ 
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Work on methodological problems pertaining to the general prospects of 
development of scientific disciplines, on the borderline of which it 
emerged, was very important to the formation of ergonomics. In particular, 
analysie of theoretical problems of industrial physiology enabled v. 
Medvedev to draw the following methodological conclusion of importance 

to ergonomics; “There is every reason to beliew that the tendency 

now evident to integrate a set of sciences dealing with human behavior 

in the course of activity will dominate in the next few years over the 
entire course of ecientific and applied work, i.e., the ergonomic approach 
will be the leading one.” Methodological analysis of studies of operator 
performance during space flights made it possible to formulate quite 
definitely the thesis concerning the object of ergonomic study: “In the 
course of 4 study a third object must necessarily appear, which the 
researcher encounters the most often, i.e., the estructural links between 
the object and the environment, between man and machine. When studying 
the main problem of ergonomics, the man-machine problem, the most attention 
is given to expressly this fact. '* 


Recently, 4 series of worke was published, which deal not only with 
theoretical and methodological problems at the current stage of develop- 
ment of ergonomics and engineering psychology, but with an attempt to 
systematize them.'’ The systems approach in ergonomics and engineering 
psychology has been submitted to a deeper interpretation.'* Use of the 
principles of structural-functional and microstructural analysis of 
activity made it possible to single out different types of structures of 
activity (rigid, self-adjusting, self-organizing) and to consider the 
possible means of their formation and operation. At present, it is 
already becoming obvious that the principle of hierarchic organization 
of activity is inadequate, and that it must be supplemented with the 
principle of heterarchic, or coalitional organization (since activity, 
like consciousness and personality, is polyphonic). Both stability and 
lability of activity are provided by combining the heterogeneous 

nents and structures into heterarchic coalitions, which are formed and 
disintegrate in the course of development and operation of activity (as 
ite goals are changed and new ones are set, depending on current external 
and internal conditions). 


Continued development of antireductionistic end antimentalistic concep- 
tions of mental activity, disclosure of functions that generate it, 
analysis of time and space properties as acts of activity proper, as 
well as new mental formations and constructions generated as a result of 
these acts, was also very important to ergonomics. '* 


Analysis of the main problems of ergonomics, which is contained in one 

of the editorials in KOMMUNIST, was important to effective development 

of methodological problems of ergonomics. It is stressed there that “The 
subject of scientific research in the area of labor is not only equipment 
[| Lechnology] by iteelf and not only man as the subject of production, but 
coordination of his physical and mental capabilities, esthetic taste and 
other social traits with the properties of modern engineering systems."*° 
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lt is stated in that article that when organizing complex research one must 
be well aware of the fact that the meaning of this research does not lie 
in studying the same subject from different aspects and to describe the 
information gained about it, but primarily in singling out the main 
syetematizing factor that determines the specifics of the system under 
study, ite integrity. As applied to ergonomics, this means that an 
effective solution to problems thereof is possible only if synthesis of 
social and natural sciences will base itself on general theory of work 
activity, rather than be directed along the route of mechanical joining 
of data in one or the other of them into a certain summated system or 
conglomerate of knowledge, or along the route of their “mutual subordina- 
tion. 


At the present stage of development of industry, it is further noted in 

the editorial, it is becoming possible to technically execute plans based 
on a generalized and integral conception of human activity. Basically new 
reserves for increasing the efficiency of labor are disclosed when one 
proceeds, in developing an engineering assignment, from the idea of secon- 
dary, servicing function of machines and, consequently, one takes into 
consideration, first of all, the positive qualities of man as the real 
subject of labor, i.e., that which constitutes his advantages over machines. 
In the future it is planned to turn from solving urgent problems of 
organization of labor, refinewsent of existing technology, adaptation of man 
to already existing technological norms, to the planning of new forms of 
human activity on the basis of complex theoretical study of potential 
physical, psychological and intellectual capabilities of man, with which 


ergonomics is already dealing. 


As shown in the above brief survey of the most important Soviet works 
dealing with theoretical and methodological problems of ergonomics (and 
engineering psychology), the principle and category of activity emerge 
as its central foundation. This category “operates” differently for 
different authors: for some as an explanatory principle, for others as 
the subject of research, for others yet as the subject of organization, 
control and planning. There are also differences in degree of stratifi- 
cation [division] of conceptions of activity, ranging from rather global 
conceptions to conceptions of its functional structure and microstructw: 
At the same time we observe some real difficulties in using the categ 
of activity and its different conceptual schemes in ergonomic theory @ 
practice. 


As we have indicated above, activity is the subject of both intradiscip- 
linary and interdisciplinary research. Much attention is being given to 
analysis of activity in modern and, first of all, Marxist philosophy, 
social sciences and psychology. Anthropology, ethnography, linguistics, 
and later on biomechanics, human physiology and cybernetics made a signi- 
ficant contribution to development of the corresponding aspects of human 
activity. And yet, the status of this problem or, more precisely, ! s 
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reflection in special sciences and correlation between different sciences 
in formulation and solution thereof, cannot be considered adequate. 


We are convinced of this, in particular, by the fact that psychology by 
no means always bases itself on the experience of philosophical analysis 
of activity. In the disciplines dealing with work activity and in the 
pedagogic sciences, the advances not only in philosophy, but psychology 
are not taken into full consideration by far. And we are not dealing 
here with the natural lag as related to present advances. There are 
basic differences and difficulties in interpretation of the very concept 
of human activity, in the choice of bases for classifying the forme 
thereof, in creating taxonomic unite intended for analysis thereof, in 
the choice of adequate methods of studying it under both laboratory and 
natural (industrial, educational) conditions, in comparing the results ob- 
tained by different methods, both to one another and to the categorial 
system developed in the historic-philosophical tradition of studying 
activity. All this leads to new difficulties and, at times, naive 
formulation of problems, confusion, underestimation and overestimation of 
the significance of the results obtained in some theoretical and practical 
area. 


As an illustration of these difficulties, we shall offer a far from 
complete list of the distinctions made between forms and types of acti- 
vity, which exist in modern science: material and spiritual, external and 
internal, direct and mediated, voluntary and involuntary, conscious and 
unconscious, individual and collective, reproductive and creative activity, 
game, educational work, athletic, cognitive, performing [executive], per- 
ceptual, mnemic, mental activity, etc. To these distinctions is added 
differentiation of activity according to motive, goal, subject, means of 
performance, end result, etc. 


As we see from this list, each individual form of activity can be des- 
cribed by means of many reference systems that actually characterize it. 

At the same time, it is customary to believe that applied research problems 
can be solved much more easily when one uses the same, be it primitive 

and unilateral, but clearly defined dimension. On this basis, one often 
uses characteristics that are external in relation to activity in order 

to analyze it (for example, amount of information, speed, acciracy, 
expenditure of energy, etc.), without sufficient consideration of its 
polyphonic nature and its inherent, immanent properties. In spite of the 
high reliability of results obtained from such a study, this creates 
serious difficulties with regard to interpreting them, extrapolating 

them to other conditions, solving optimization and planning problems. 

The reason for this is that living acts of human activity are replaced 
with facts, in which activity as such disappears, it “dies in the product." 
For this reason, the most important methodological problen that must be 
solved when studying activity is to provide for theoretical and methodo- 
logical preservation of its main characteristics as a result of the 

study. In other words, it is necessary not only to study the means 
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or image of activity, but to build the image of expressly a studied form 
of activity. Only then can the obtained results be used in situations 
other than those in which a given form thereof was studied, 


In addition, it must be borne in mind that solving specific practical 
problems is related to the creation of different images, conceptions, 

echemes and models of the same activity. Thus, its algorithmic descrip- 
tion would hardly satisfy a designer, although it is useful in solving 

the problem of distribution of functions in a man-machine system. Similarly, 
specific conceptions of activity are needed by specialists in the area of 
scientific organization of labor. 


Modern Marxist science is faced with probleas of construction of general 
theory of activity, further development of psychological theory of activity, 
specification of these theories as applied to various forms and types of 
activity (labor, education, games, etc.). Of course, there will be 

common elements in these theories, but one cannot underestimate the sub- 
stantial differences between existing conceptions of concrete forms of 
activity and their future modifications and new variants. The solution 

to these problems cannot be speculative, nor can it be obtained solely 
through laboratory research. 


The social and scientific conditions under which ergonomics appeared 

were such that conceptions of human factors and man-machine systems taken 
from technical and cybernetic constructions were the focus of its studies. 
They played a constructive role in a number of applied studies and in the 
course of development of ergonomics into an independent branch of science. 
But development thereof encountered limitations generated by natural 
scientific and engineering orientations. Something that was perceived by 
all as being quite important and essential remained beyond the realm 

of research and planning. This "something" is man himself, as the subject 
and main element of productive forces, seen not as a special type of 
mechanized device, not as a sort of cybernetic robot, but as a personality 
with its own goals, desires, i.e., that which spiritualizes a machine. And, 
as noted by A. Leont'yev, one must bear in mind here expressly the differ- 
ent activities of the subject, which are the initial "units of psycholo- 
gical analysis of the personality, rather than actions, operations, 
psychophysiological functions or units of these functions; the latter 
characterize activity, but not the personality directly."*' 


In our opinion, many of the objective tendencies of formation of projective 
[planning] ergonomics, as well as future methodological support thereof, 
are linked with development of expressly these pressing problems. 

FOOTNOTES 
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ALL-UNION SCHOOL FOR YOUNG PSYCHOLOGISTS 
Moscow ORSHCHESTVENNYYE NAUKI in Russian No 3, 1980 pp 209-215 
[Article by A. Gostev) 


[Text] The First All-Union School for Young Peychologiste was held from 
5 to 15 December 1979 in Obninek, Kalushekaya Oblast. ite immediate or- 
ganieere were the Institute of Paychology, USSR AS [Academy of Sciences), 
together with the Central Council of Philosophical (Nethodological) 
Seminare under the Presidium of the USSR AS, USSR Society of Paycholo- 
giete and CC of the komsomol. About 150 young psychologists from 13 Union 
republice and 40 cities of our country participated in the work of this 
school. Prominent Soviet psychologists delivered papers. 


The main emphasie in the scientific program wae on methodological probleme 
of modern psychology and problems of making practical use of psychological 
knowledge in public [social] practice. The program wae separated into 
several sections: “Current Problems of Engineering Peychology,” “Cognitive 
Processes,” “Current Problems of Differential iology and Neuro- 
psychology,” "Methodo i Probleme of Social Psychology” and “Problems 
of Child and Pedagogic hology.” A total of 22 papere was delivered, 
and there were gore than 20 seminare. 






The sessions began with a paper by B. Lomov, corresponding member of the 
USGR AS, scientific administrator of the echool, who offered 4 comprehen- 
sive analysis of pressing problems and trends in development of pseycholo- 
gical ecience in the USSR. In particular, thie speaker etrersed that the 
needs of social practice are the decisive factor of such development at 
thie etage. The basic difference in objective content of goals and tasks 
performed by psychological ecience between socialist and capitalistic 
societies was disclosed from party positions in this report. Under 
capitalies, psychology serves the ruling clase, providing for “effective” 
exploitation of the human factor. In 4 socialist society, psychology is 
placed in the service of human labor; it is based on the principles of 
genuine humanism and social optimien. 


The paper of 8. Lomov touched upon 4 wide range of methodological prob- 
lems of concrete psychological studies. In particular, he devoted much 
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space to the specifics of psychological experimentation, With reference 
te the fact that it is impossible to directly extrapolate the methods of 
fatural experiments to the area of paychological research, §. Lomev 
stressed the need for psychologists to consider the subjective factor, 

As for the methdological armamentoriue o, sodern experimental psychology, 
it must include such effective analytical means as the systems approach, 
which takes inte consideration the many levele and many dimensions of the 
object of study, (It should be noted that discussion of specific probleme 
with due consideration of the requirements of 4 systems approach was an 
inherent feature in most papers. Thus, in the paper of V. Ganeen [Lenin- 
grad), “Levels of Systems Approach in Peychology,” an effort was made to 
apply the systems approach to general psychology, to systematize the main 
peychological concepts, a8 well as to differential paychology, for a 
systemic description of human individuality.) 





More recently, 8. Lomovw noted further in hie paper, with the growth of 
experimental research the acute problem emerged of the psychological 
scientific fact that is not directly comparable with psychological reality. 
The truth of a fact can be only disclosed within the context of scientific 
theory. For thie reason, psychologists should be governed in their 
practice by the unity of theory, experimentation and social practice. 


The paper of Yu. Zabrodin (Moscow), who submitted a syetem for classifica- 
tion of empirical methods in peychology for discussion by the partici- 
pants, also dealt with methodological problems of psychological experi- 
mentation, questions of correlation between experimentation and theory. 


The audience displayed auch interest in the problems of engineering psycho- 
logy and industrial psychology. The scientific and technological revolu- 
tion is leading to complication of work, which in turn increases the 
requirements of the subject of labor. For this reason, psychological 
factors are becoming 4 most important reserve for the growth of Labor 
productivity. Continued development of engineering psychology makes it 
imperative to develop a number of methodological problems. Thies is related, 
firet of all, to the general tendency of development of engineering peycho- 
logy, the geaning of which consists of turning from the study of separate 
processes of informational interaction between man and machine to systems 
analysis thereof. Methodological probleme of enginerring psychology were 
the topic of the paper of V. Venda (Moscow) who touched upon the question 
of @utual adaptation of aan and machine, and the problem of an adequate 
method for describing man-machine systems. 


In modern control systems, emotional resistance to stress factors is one 
of the factors of operator reliability. The paper of L. Kitayev-Sayk (Moe- 
cow), “Psychological Aspects of Stress Problems,” dealt with the effect 

of emotional and volitional factore on efficiency and reliability of 
operator performance. In this paper, he discussed the history of forma- 


tion of stress theory, the psychological and psychophysiological content 
of the concept of “stress”; a classification was offered for factore that 
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determine the occurrence of stress situations, The speaker analysed the 
patterns of development of stress, and he singled out the phases of adaptive 
activity with long-term exposure te strese factors, ae applied to operator 
performance under special conditions, 


The study of various professional forms of activity, development of 
questions of professional guidance and training conetitute an important 
problem of industrial psychology, Methodological probleme of research on 
work activity were touched upon in the paper of V, Shadrikev (VYarosiavi'), 
"“Pormation of a Psychological System of Activity.” 


At the seminars in the section of “Current Probleme of Engineering Peycho- 
logy,” the attention of the participants was drawn to probleme and methods 
of mathematical peychology (V. Krylev, Moscow). The logic of development 
of psychology leade to progreseive use of mathematical methods in pro=- 
cessing data, modeling ental processes, etc, Mathematical peychology is 
developing rapidly, Psychological ecience as a whole is interested in ite 
progress, however, it is of greatest importance to engineering psy chology, 
which is presently making broad use of mathematical models that describe 
the procese of receiving and processing information, and decision making 

by the operator on ite basis, 


in the course of the work of the school, there was discussion of 4 range 

of issues traditionally related to general peychology, such as probleme of 
cognitive processes, activity and set. The problem of thinking occupied 

one of the central places in the discussions. In 4 paper entitied “Prob- 
lems of Thinking in Modern Peychology,” A. Brushlinskiy (Moscow) described 
in brief the ain directions of research in modern peychology of thinking, 
and he demonstrated the contribution it made to general theory of psychology. 
lie singled out the wnity of continuous (nondisjunctive) and intermittent 
(disjunctive) aspects inherent in living, actual thinking, as the most 
pressing problem. Experiments convince us, the speaker stated, that think- 
ing 46 4 process is primarily an integral, continuous system, within which 
various discrete elements are formed and used: formal logical and mathema- 
tical operations, etc. The systemic nature of disjunctive operations is 
implemented by the integral properties of thinking a6 4 continuous proress. 
Such psychological interpretation of continuity differs substantially 

from its mathematical and cybernetic interpretation. Peychology of thinking 
strives to disclose the nondisjunctive nature of the thinking process, 
whereas modern mathematics is merely disjunctive. Consequentiy, the 
question arises of the need to create 4 special branch of mathematics 
consistent with psychology of thinking. 


The paper and seminar of L. Vekker (Leningrad) aroused great interest among 
the audience. This speaka@ designated some pressing methodological prob- 
lems of theory of mental processes, including the means of isolating 

fenia. teality proper, the specifice of expressly sental phenomena and 
methodology of studying them. With reference to such categories as 

“mental time” and “sental espace,” L. Vekker stressed the fact that they 
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could net be compared te physical analoeves, Mental time is not the 
irveversible unidirectional @ovement [fiom the past through the present 
inte the future, it is a free and subjective movement on the axis of 
time “forward,” inte the future (through probabilistic forecasting and 
anticipatery reflection) and “backward” ipte the past (by means of the 
specific gental property, @emery). by virtue of the inseparable nature 
of time and espace, there are also changes in the characteristics of 
mental apace. 


in this paper, the question of unite for measuring psychological ele=- 

ments wae listed as another important methodological problem. The study of 
the whity of gnostic, emotional and volitional processes was proposed as 
one of the meane of creating 4 system of such unite, 


Much attention at the seminare wae devoted to figurative phenomena! concep= 
tions, imagination, spatial thinking, ete, This is attributable to 

the increase in share of such problems in experimental peychology related 
to the needs of social practice, At the present stage of scientific and 
technological progress, the ability to act on the basis of a conception, 
to freely operate with spatial images, emerges as one of the valuable 
individual traite that are needed to master many modern professions and 

to perform successfully the professional activity iteelf. Thus, one of 
the main elements of operator activity is formation of an image of the 
controlled object on the basis of symbolic information on instruments. 
Since the image-conception constitutes interpenetration of a graphic 

image and word, sensory and logical, the problem of conceptions is closely 
linked with the study of perception and thinking. 


The seminar dealing with problems of theory of activity drew a large 
number of participants. There, questions touched upon in the papers 
“Prospects of Development of General Psychological Theory of Activity” by 
V. Zinehenko (Moscow), “Formation of a Psychological System of Activity” 
by V. Shadrikow and “The Problem of Activity in Soviet Peychology” by 

K. Abul ‘khanova-Slavwekaya (Moscow) were discussed. They included such 
questions as self-development and self-determination of activity, correla- 
tion between functional need and motivation, the place of motive in the 
structure of activity, correlation between behavior and activity, as well 
as problems of units for analyzing mental factors, the study of activity 
as 4 subject of research and as an explanatory principle. 


A special seminar dealt with some probleme of set theory. The interest of 
the participants in this seminar can be attributed to the fact that theory 
of set is a psychological conception that strives to describe the integral 
behavior of man and touches upon many pressing problems of general psycho- 
logy. However, interpretation of these concepts within the framework of 
the conception of set differs substantially from interpretation thereof 

in, for exampie, theory of activity. While motive emerges as the sub- 
jective variable of consciousness, related to incentive, desire, within 

the framework of the set conception, the proponents of the activity-related 
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approach taterprete motive as the subject of a need, Two opposing posi- 
tiene were aieo expressed at the seminar concerning the correlation 
between the cate fies of activity and set, Georgia psychologists, 

whe represented the echool of D, UVenadse, defended the idea of so-called 
primary set, which anticipates and determines the evolution of any forms 
of mental activity, Their opponente, holding the methodological posi- 
tions of the school of L. Vygotekiy, A. Leont'yew and A. Luriya, defended 
object =related activity ae @ category that adequately reflects the pro— 
cess of generation of wental phenomena. Most of the participants in the 
discussion of thie issue observed that substantial theoretical cont radic= 
tions arise when the question of set is considered apart from the 
activity of a secial subject; thie proves the need to abandon the isolated, 
abstract and theoretical study of eet phenomena at the present stage of 


development of Soviet psychology. 


Probleme of differential psychophysiology and logy were die- 
cussed in a special section. The future |promising) directions of 

study of nevrophysiological bases of man's individuality, within the frame- 
work of Soviet differential peychophysiology, were discussed in the paper 
of V. Rusalov (Moscow), “Current Trends in the Study of the Properties of 
the Human Nervous System.” Summarizing the results of experimental and 
theoretical research on thie problem, V. Rusalow raised the question of 
multidimensional structure of the ean properties of man's nervous systen. 
He stated that serious difficulties are encountered along the way to 
further development of peychophysiology, which are related to the problem 
of partial properties of the neural substrate. It consists of the fact 
that the various properties of the nervous system were found, according 
to the resulte of experiments, to differ substantially in different 
analysers. For thie reason, the problem of isolating common | genera! | 
properties of the nervous system emerges as the focal one today for differ- 
ential peychophysiology. From the standpoint of the systems approach, 
common properties are apparently individually stable distinctions of 
integration of nervous processes involved in an integral gental activity. 
One of the most promising seane of searching for common properties of 
the nervous system is to isolate integral factore of bioelectrical acti- 
vity of the brain, which characterize the function of different parte 
thereof. The results of experimental etudies demonstrate that there is a4 
close link between these integral factore and certain formal'y dynamic 
distinctions of human behavior. 





The papere and seminare of thie section dealt with a wide range of probleme 
of neurophysiological support of sentel activity: syetemic organization and 
neurophysiological @echaniems of goal-oriented behavior (V. Shwyrkov, Moe- 
cow), prospects of development of neuropsychology (Ye. Khomskaya, Moscow), 
current neurophysiological approaches to the study of sental processes, 

the problem of nervous code of sentel processes and the problem of 

seneaut prosthetics (A, Shandur ina, Leningrad). 
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Te resolve the pressing problems pertaining te formation of the new man, 4 
hareoniously developed personality, one must have a clear idea about the 
role of paychology in thie task, Thies role can be assessed on the basis 
of the asain theoretical approaches to understanding personality. Ourrent 
aporoaches to studies of personality, with indication of the promising 
directions of work, were offered in the paper of Ye. Shorokhova (Moscow), 
"Methodological Probleme of Studying Personality,” which wae delivered 

in the section “Methodological Problems of Gocial Psychology.” They 
include the construction of general theory and methodology of studying 
personality, determination of personality by social relations, ontogenetic 
development of personality, differential psychology of personality, 
development and specialization of methods for studying personality, de- 
velopment of personality in the course of activity, ete. 





The general tread in development of social psychology in the USSR consists 
of the fact that thie direction of paychological science is being Linked 
more and gore closely with the solution of problems of social practice. It 
ie not by chance that the paper delivered by one of the leading specialiste 
in social psychology, Ye. Kuz'sin (Leningrad), dealt with the topic of 
“Social Psychology and Life.” The speaker discussed the specific nature 

of sociopsychological phenomena and lawe. At thie stage, it wae stated 

in the paper, one of the main taske for social psychology is to analyze 
all mental processes from the standpoint of thie discipline. Problems of 
communication, which require development of 4 number of soc iopsychological 
categories, such a8 orientation, results and level of communication, are 
acquiring particular urgency. Aleo on the agenda are such pressing prob- 
lems of social psychology as email groupe and primary groups |collectives). 
Ye. Kuz'min acquainted the audience with some of the possible criteria 

for evaluating the effectiveness of sociopsychological studies dealing 
with ecreening, evaluation and certification of personnel. 


The discussion of problems of communication and social perception was 
continued at the seminare. There, theoretical and practical importance 

of communication problems was discussed there was consideration of the 
various forges, geans and functions of commenication, levels of analysis 
thereof (8. Lomov), as well ae dynamice of sental functions in compunica- 
tion (V. Kol'tsova, Moscow). There was 4 comprehensive analysis of the 
problem of current development of social psychology in capitalistic na- 
tions. P. Shikhirev (Moscow) showed that the “privileged” status of 

social psychology in these countries is attributable chiefly to the 

desire of the ruling clasees to retain their positions by using sot 

only economic and political means of coercion, but psychological sechanieme 
for controlling people. Freudianies, seo-Freudianies, behavioriem and 
neosocio-Darviniem emerge as the methodological basis of total sanipulation 
of the awareness [consciousness| of the masses. The paper of S. Roshchin 
(Moscow), “Ideological and Political Potential of Paychological Science,” 
dealt with a full-fledged critique of these conceptions, as well as 

iseves related to the role of psychology in political life. 
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Some important issues were touched upon at the seminar on “Social 
Paychology and Social Practice.” There, such problems as formation and 
development of a new type of social relations in a period of developed 
socialies, psychological problems of control | t) and others 
were discussed. For example, A. Zhuraviev Qtescou} discussed the main 
probleme of organisation and improvement of performance of administrators 
on different levels. Wie idea that social psychology should not be 
concerned with ac reening ganagement personnel, but only evaluate and 
iaprove their activities inepired an animated discussion, Most of the 
participants in the seminar were for the active involvemen' peycholo= 
gists in all areas of social practice, including the sereen «ff 
administrators, 





One of the most important directions of psychological ecience that is 
; traditionally oriented toward practice is child and pedagogic peychology. 
’ At the present time, there is increased urgency to further develop the 
methodology of research in these fields. Thies is related, firet of all, 
to problems of ontogenetic development of the @ind (L. Venger, Moscow), 
formation and structure of learning activity (V. Davydov, Moscow), methodo- 
logical probleme of organizing studies in age-related and pedagogic 
psychology (Ff. Mikhaylov, Moscow). Discussion of these probleme drew 
@uch attention on the part of the audience. 


At the solemn closing seeting of the echool, the decision was adopted to 
convoke similar forums of young scientists on a regular basis. The 
Second All-Union echool for you ¢ peychologists will convene in 2 years. 
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